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-~Distribution and Abundance of Fishes and Invertebrates in West Coast Estuaries
Volume Ih Species Life History Summaries

estuary for three salinity zones (seawater, mixing, and
tidal fresh zones) identified in NOAA’s National

This is the second of two volumes that present Estuarinelnventory(NEI)DataAtlas-Volumel(NOAA
information on the spatial and temporal distributions, 1985). When completed, the entire data base will
relative abundance, and life history characteristics of contain information for approximately 150 fish and
47 fish and invertebrate species in 32 estuaries along invertebrate species found in approximately 120 U.S.
the contiguous west coast of the U.S. Information estuaries.
presented in this volume focuses on species life history
summaries which wera written to identify the critical life
history characteristics that help define a species’
occurrence in estuaries. These summaries were Estuaries are among the most productive natural
developedto complement datapresentedin Distribution systems and are important nursery areas that provide
and abundance of fishes and invertebrates in west food, refuge from predation, and valuable habitat for
coast estuaries, Volume I: Data summaries (Monaco et many species (Gunter 1967, Joseph 1973, Weinstein
al. 1990), hereafter referred to as Volume L The life 1979, Mann 1982). Estuarine organisms that support
history summaries are not a complete treatise on each important commercial and recreational fisheries include
species; however, they provide a concise account of salmonids, crabs, and shrimp. In spite of the well-
the most important physical and biological factors documented importance of estuaries to fishes and
known to influence a species’ occurrence, invertebrates, few consistent and comprehensive data

bases exist which allow examinations of the
This report is a product of the National Oceanic and relationships between estuarine species found in or
Atmospheric’Administration’s (NOAA) Estuarine Living among groups of estuaries. Furthermore, much of the
Marine Resources(ELMR) program (inside backcover), distribution and abundance information for estuarine-
a joint study by the National Ocean Service and the dependent species (i.e.,.species that require estuaries
National Marine Fisheries Service (NMFS). The during their life cycle) is for offshore life stages and
objectiveoftheELMRprogramistodevelopaconsistent does not adequately describe estuarine distributions
data base on the distribution, abundance, and life (Darnell et al. 1983, NOAA 1988).
history characteristics of important fishes and
invertebrates in the Nation’s estuaries. The nationwide Only a few comprehensive sampling programs collect
data base is divided into four study regions (Figure 1). fishes and invertebrates with identical methods across
This data base contains the relative abundance and groups of estuaries within a region ( Hammerschmidt
monthly occurrence of each species’ life stage by and McEachron 1986). Therefore, most existing

Pt. Adam~~

West Coast /~ / ~ L--____~ ~---~’=~L Northeast
82 estuaries, ,/~i~’ I ~ ~ f ~,~ ~i ~ \ [~ 34 estuaries,
47 specie

~ ~/ 60 spec,es
Oxford,

~iSoutheast
~iii~ 20 estuaries,

= ====================== ====== = ===    ~species

~ ~’~" Gulf of Mexico
31 estuaries,

Figure 1. Location of ELMR regions. 44 species
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estuarine fisheries data cannot be compared among (NOAA 1985), identify information gaps, and assess
estuaries because of the variable sampling strategies, the content and quality of existing estuarine fisheries
In addition, existing rese-~rch programs do not focus on data.
how groups of estuaries may be important for regional
fishery management, and few compile information for
species having little or no economic value.

Volume/contains detailed distribution and abundance
Because life stagesof many species use both estuarine data for 47 fish and invertebrate species in 32 west
and marine habitats, information on distribution, coast estuaries, and a complete discussion of the
abundance, temporal utilization, and life history methods usedto compile these data. However, abrief
characteristics are needed to understand the coupling description of methods from Volume I are presented
of estuarine, nearshore, and offshore areas. To date, here to aid interpretation of distribution and relative
a national, comprehensive, and consistent data base abundance tables included in the species life history
of this type does not exist. Consequently, there is a summaries presented in this report. The following
need to develop a program which integrates fragments sections provide an overview of the estuary/species
of information on marine and estuarine species and selection process, and development of the ELMRdata
their associated habitats into a useful, comprehensive., base.
and consistent format. The ELMR program was
designed to help fulfill this need by developing a~ SelectionofEstuaries. Nineteenestuadesandmadne
uniform nationwide data base on selected estuarine embayments of the west coast (Figure 2)were initially
species. Results will complement NOAA efforts to selected from the National Estuarine Inventory Data
develop a national estuarine assessment capability Atlas: Volume/(NOAA 1985). However, 13 additional

~ Puget Sound
~ Hood Canal
~ Skagit Bay
~ Grays Harbor
~ Willapa Bay
~ Columbia River
~ Nehaiem Bay
~ Tillamook Bay
~ Netarts Bay
[~ Siletz River
~ Yaquina Bay
~ Alsea River
~ Siuslaw
~ Umpqua
~ Coos
[~ Rogue Salinity Zones

[~ Klamath River [] Seawater zone (>25%)
~ Humboldt Bay [] Mixing zone (0.5-25%°)

[] Tidal fresh zone (0-0.5%°)~ Eel River [] Zone not present*
~ Tomales Bay "Freshwater inflow is relatively low
[~3~[] Central San Francisco / in many southern California

Suisun / San
estuaries/embayments.

~ South San Francisco
~ Elkhorn Slough
~ Morro Bay
~ Santa Monica Bay
[~ San Pedro Bay
~ Alamitos Bay
~ Anaheim Bay
~ Newport Bay --------.--___
~ Mission Bay
~ San D~ego Bay
~ Tijuana Estuary

Figure 2. Location of the 32 west coast estuaries included in the ELMR program, and their salinity zones as
identified by the National Estuarine Inventory (NOAA 1985).

2
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!ast estuaries were added to the N El (and ELM R
!.!~. p__rogram) due to their importance as habitat for westl ’ ~.¢oast fishes and invertebrates. Data on the spatial and

temporal distributions of species were compiled and
orga,qizedlbased on three salinity zones delineated for
e~c#’:’~stuary in the NEI; tidal fresh (0.0 to 0.5%o),
mixing (0.5to 25.0%o), and seawater (>25.0%o). While
some west coast estuaries do not contain all three
salinity zones (e.g., southern California embayments),
they were included because they provide important

II habitat for many euryhaline species.

Selection of Species. To ensure that important west
coast estuarine species were included in the ELMR
study, a species list was developed and reviewed by
regional experts (Table 1). Four criteria were used to
Identify the 47 species entered into the data base:

1) Commercial value - a species that commercial
fishermen specifically try to catch ie.g., Pacific herring

1 and Dungeness crab), as determined from catch and
value statistics of the NMFS and state agencies.

2) Recreational value - a species that recreationalI !1 fishermen specifically try to catch that may or maynot

be of commercial importance. Recreational species
(e.g., steelhead and California halibut) were determined
by consulting regional experts and NMFS reports.

!

3) Indicator species of environmental stress - identified
from the literature, discussions with fisheries experts,
and from monitoring programs such as NOAA’s National

1

Status and Trends Program (NOAA 1984). These
species (e.g., Pacific oyster and white croaker) are
molluscs or bottom fishes that consume benthic
invertebrates or have a strong association with bottom
sediments. Their physiological disorders, morphological
abnormalities, and ability to bioaccumulate
contaminants indicate environmental pollution orstress.

4) Ecological value- based on several species attributes,
including trophic level, relative abundance, and
importance of species as a key predator or prey

.1

organism (e.g., bay shrimp and topsmelt).

Data Sheets. A data sheet was developed for each
species in each estuary to enable quick compilation
and data presentation. For example, Figure 3 shows
the data sheet for threespine stickleback in central San
Francisco, San Pablo, and Suisun bays. Data sheets

il
were developed by project staff and reviewed by local
experts. Data compiled for each species’ life stage
included: 1 ) the salinity zones it occupies, 2) its monthly
occurrence in the zones, and 3) its relative abundance

1 in the zones.

3
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Threespine stickleback Central San Francisco/San and spawning adults as those releasing eggs orspe
Gasterosteus aculeatus Pablo/Suisun Bays A few exceptions existed to these defined life sta£

"~ State: California
Reviewer: C. A~or such as mating of Dungeness crab, and parturition (

birth) of the viviparous leopard shark and shiner pe=
salinity Lile Relative A~undance by Month In addition, the following unique life history informalZone Stage J F i A M J J A S O N D R

is provided to interpret the data: 1) for the
m~d,~ Fresh sp,~,i~ iiiii!iiii 2 oyster, spawning adults, larvae, and eggs are

L,r~,e
!~!i~i~ ’

shown because spawning is sporadic (most spa
Eg~, 1 hatchery produced and placed on beds), 2) for the pi

Mixing Spa.wning

ii~I""~~":~

3 chum, coho, and chinook salmon, the onset of sex
o.5-~5.o~ .~o~l,, ~ maturation (accompanied by morphological chang

E~g, .. !~!’.’!!!!~:’!~!~’::!i~iii~ ................. 1 homing behavior, and a reduction in feeding/gro~
~ ~...i~i~i~;:~.:~..........~........;~.....~.~.:.......:.............;::;...::.::~:.::........:~:~3 was used to define the beginning of the adult life sta

Seawater    Spawning.~,~o, ~i~                  ~     and 3) because migrating juveniles of.different race,,
Larvae
E~, ~ chinook salmon are difficult to separate in the field,

data for juveniles of the different races of chin(
Legend: Relative Abundance Data Reliability (R) salmon include all races. However, yearling juveni

~ = Not Present 1 = Highly Certain (spring and winter races) usually migrate to the oc~
~ = No Data
~ = Rare

2 = Moderately Certain earlier than subyearling juveniles (fall race).
~= Common 3 = Reasonable Inference

~= Abundant For well-studied species such as salmon, quantita~
data were used to estimate abundance levels. 4
many species, however, reliable quantitative dataw~

Figure 3. Example of a species/estuary data sheet: limited. Therefore, regional and local experts w~
threespine stickleback in Central San consulted to estimate relative abundances based
Francisco, San Pablo, and Suisun bays. the above criteria. Several reference or"guide"spec

with abundance levels corresponding to the abe
Therelativeabundanceof aspecieswasdefinedusing criteria were identified for each estuary. These gui
one of the following categories: species typified fishes and invertebrates belongin£

a particular life mode (e.g., pelagic, demersal)
¯Highly abundant - species is numerically occupying similar habitats. Once guide species w~

dominant relative to other species, selected, other species were then placed into
appropriate abundance categories relative to th~

¯Abundant- species is often encountered in These data represent relative abundance levels wit
substantial numbers relative to other species, aspecificestuaryonly;relative abundance levelsacr(

west coast estuaries could not be determined.
¯Common- species is generally encountered but

not in large numbers; does not imply an even Informationin Volume#1wascompiledforeach spec
distribution over a specific salinity zone. and estuary combination, and organized into four d~

summaries:
¯ Rare - species is present but not frequently

encountered.                                ¯ Spatial distribution and relative abundance
¯Temporal distribution

¯ Not present- species or life stage not found, ¯ Data reliability
questionable data as to identification of the ¯ Presence/absence data
species, or recent loss of habitat or environmental
degradation suggests absence. When compiled in this manner, the data can be

translated into various tables, such as the ove~
¯ No information available-no data available, and occurrence of ELM R west coast species depicted

after expert review it was determined that even Table 2. Appendix tables 1-3 are examples of how
an educated guess would not be appropriate, data were summarized and presented in Volum~

Due to post-publication revisions of the presen~
Information was compiled for each of five life stages, absence information in Volume I, Appendix table
Adults were defined as sexually mature individuals, provides the revised west coast ELMR presen~
juveniles as immature but otherwise similar to adults, absence data.
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Verification. Approximately 3 years were required
the 1,760 data sheets and consult with

¯ ¯ ~: ~re~lonal and local experts. Each data sheet was An important aspect of the ELMR program, especially

carefully reviewed during consultations or by mail. since it was based primarily on published and
.These important consultations complemented the unpublished literature and consultations, was to

published and unpublished literature and data sets determine the quality of the data used. For many

compiled by NOAA. Ninety-one scientists at 26 species, gear selectivity, difficulty in identifying larval
Institutions or agencies were consulted. Local experts stages to species, and difficulty of sampling various

were particularly helpful in providing estuary/species- habitats has limited the amount of reliable information.
specific information. They also provided additional. Therefore, a deliberate effort was made to assess the
references and contacts and identified additional overall reliability of the data base so it could be used
species to be included in the ELM R data base. appropriately. Estimates of the reliability of distribution

Table 2. Occurrence (e) of 47 species (adults or juveniles rated as "common" to "highly abundant") in 32 west
coast estuaries.

Estuary

Species

* Ind~es Central San Franc~, Sulsun, and S~ P~lo Ba~.

5
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and abundance information organized by species, life estuaries have not. Developed estuaries (i.e., those
stage, and estuary arewesentedin Volume l(p. 149- subjected to dredging and filling, jetty and port
184). Data reliability was rated numerically as: construction, and nearby urbanization) and .their

drainages typically have been the focus of numerous
1= Highly certain. Considerable sampling data research studies. In contrast, some of the least-
available. Distribution, ecology, and preferred habitats developed estuaries (Willapa Bay, Nehalem Bay, Siletz
well-documented within an estuary. River, and Tomales Bay) appear to be the least-

studied. Hence, there appears to be a need to collect
2= Moderately certain. Some sampling data available baseline fish and invertebrate distribution and
for an estuary. Distribution, preferred habitats, and abundance data from relatively undeveloped and
ecology well-documented in similar estuaries, unpolluted estuaries.

Mean data reliability3= Reasonable inference. Little or no sampling data Le~ certain Highly certain
available. Information on species distributions, ecology,
and preferred habitats documented in similar estuaries. Estuaries

Puget Sound ~\\\\\\".’,~’\"~ ~\\\\",.’~\\\"-..’~ ~\"~.’~.~%’~

Appendix table 3 is an example of how data reliability Hood Canal

estimates were summarized in Volume I, and the SkagitBay ~\\~:~\\\\~.\\\\".~.\\~ ~X\\".~’~..~"~l

following section presents an analysis of that volume’s Grays Harbor ~_~":~\\\\\\"-~ ~\\\\\~ ~.~\\"~

data reliability estimates, w,~ Ba~
Columbia River

Ana!ysisofData Content and Quality. To assessthe Nehalem Bay
overall certainty of the ELM R west coast data, mean Tillamook Bay .~..\\\\"-.’~\\".~ ~\’~".~.~\\".~
data reliability was calculated by estuary, species, and Netarts River .~..’~.\~\~.~ ~"~.’~\"-.3
life stage. Mean data reliability was calculated using s~etz River
data reliability values for only those species and life Yacluina Bay ~\’~’~-~\’\\".~ ~\\\"~\\\\\"~
stages that were known to occur within an estuary. AIseaRiver,
This allowed accurate comparisons between estuaries slus~aw River ~.\"~.~\~.
and species since species and life stages known to be Um~ua River ~.~\\\~.~\\~ ~\\"~’~
absent were always recorded as highly certain, coos Bay ~-~\\\\-~,~

Rogue River          ~\\’~.%.\\\\"~

This analysis identified estuaries, species, and life KlamathRiver
stages that have the most reliable information and Humboldt Bay
those with the poorest. This information, combined Eel River
with the data in Volume I, clearly defines the ELMR momales Bay
species, life stages, and estuaries which should b~ the C. San Francisco Ray* ~\’~\~",~\~ ~\’-.,~\’,.~
focus of research efforts. Future research should s. San Francisco Bay ~.~.\~.\\\\~ ~\\\\~.~.~,’-~
include a comprehensive and consistent sampling ElkhornSIough
program to quantify species distributions and MorroBay
abundances within and across estuaries. In addition, SantaMonica ~\\%X\~ ~."%."~"~-~
life history data (like the information in this report) San Pedro Bay ~\\\\\\\\\%~\~.~\\\\~
should be compiled, especially for those species that Alamltos Bay
may not have economic value, but are ecologically Anaheim Bay ~.%\\~\~%’..~\~\\\’.~.i mpo rtant.

New~o~ Bay ~\\\\\\\\~ ~\\\’~\\’~
Mission Bay          ~\\"-~"%.~\%

Mean data reliability of fish and invertebrate data for
San Diego Bay

west coast estuaries ranged from 2.8 (p0orly-studied
Tijuana River ~\\\"~\\\\’~ ~\’~\"~\"~Nehalem Bay) to almost 1.2 (highly-studied Columbia

River) (Figure 4), with an overall average of 2.0 3.0 2.s 2.0 l.s 1.o
(moderatelycertain). Ingeneral,the reliability estimates ~ cert~ H~,certa~
reflect the amount of fisheries research that has been ¯ ~ciude~ Cont~S~n ~r~c~o, S~n, a~d S~, Po~o ~.
conducted within an estuary. These data reveal that
large estuaries (Puget Sound, Hood Canal, Skagit Figure 4. Mean data reliability of fish and
Bay, Columbia River,and San Francisco Bay) have invertebrate data collected for 32 west
been relativelywell-studied, while most small bays and coast estuaries.

6
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len analyzed by species (Figure 5), the data show these species and consequently the large number of
salmonids and Pacific oyster have the best data research studies that have focused on them. Poorly-

~eliability (<1.6). This reflects the economic value of studied species (data reliability>2.0) include California

~- Mean data reliability
¯ :~ ’ Less certain Highlycertain

3.0 2.5 2.0 1.5 1.0
Species                                             r

horseneck gaper -
Pacific gaper -

California jackknife clam _

Manila clam -

geoduck -
bay shrimp ~\\\\\\\’-~\\\\’,.\\\\’~

Dungeness crab -
leopard shark- ~~ ~\\\\\\~~\\\’~

white sturgeon ~,’~ ~’,,~\\’~,\’~,~,~,~
American shad ~\\\\\~\\\\\\\\~ ~\~\\\\\\\\\\\\’,~

deepbody anchovy _~

northern anchovy _ ~ ~\\\\\\\\\\\\’~.\\\\~
cutthroat trout (adults) :~~
cutthroat trout (kelts) -

steelhead (half pounder)

chinook salmon (summer run) -

Iongfin smelt _
eulachon

Pacific tomcod -

threespine stickleback_ - _.~

barred sand bass ~,\\\’~,~\\\\\\\’~ ~’~,~,",~,~,’~

arrow goby

California halibut -

English sole -

3.0 2.5 2.0 1.5 1.0

Less certain Highly certain

Figure 5. Mean data reliability of species data collected for 32 west coast estuaries.
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jackknife clam, Pacific gaper, bay shrimp, cutthroat
trout, three smelt species, Pacific tomcod, topsmelt,
jacksmelt, threespi~e stickleback, arrow goby, Pacific
sand lance, and Pacific staghorn sculpin. Most of
these species have not been studied because they are
not commercially important. However, some (e.g.,
Pacific sand lance) have potential for increased
commercial harvest or as indicators of environmental
health, and should be the focus of future research.

When analyzed by life stage, data forjuveni!e and adult
life stages were most reliable (1.8 and 1.7, respectively),
while data pertaining to spawning adults, larvae, and
eggs were less certain (average >2.3). This reflects the
number of research studies which have concentrated
on adult and juvenile life stages. Species-specific
studies of spawning adults, larvae, and eggs, have not
been conducted in most estuaries. Thus, some of the
information for these life stages was inferred from life
histor~ studies and data from similar estuaries.

A concise life history summary was written for each
species to provide an overview of how and when a
species uses estuaries and what specific habitats it
uses. The summaries highlight species-specific life
history characteristics that relate directly to estuarine
spatial and temporal distribution and abundance (e.g.,
many molluscs have particular salinity and substrate
preferences). Information for the species life history
summaries was gathered primarily from published and
unpublished literature; individuals who had species-
specific knowledge were also consulted. Summaries
were written using the format shown in Table 3. A
glossary of scientific terms used in the species
summaries is provided after the last summary (p. 273).

Included with each summary is a relative abundanc~
table based on ELMR data from Volume L This table
provides a synopsis of the species’ occurrence in 32
west coast estuaries. Information for each table was
obtained by summarizing the ELMR data for each
month of the year and across all salinity zones to obtain
the highest level of abundance for each life stage.
Hence, these tables depict a species’ highest
abundance within an estuary, but lackthe temporal and
spatial definition provided in Volume L

Life History Tables. While the species life history
summaries provide brief accounts of important life
history attributes, they do not permit a direct and simple
assessment of characteristics that a species shares
with others (or lacks altogether). Furthermore, many
life history attributes are categorical (e.g., feeding

C--044837
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.l~e Classified as carnivore, herbivore, physicalandbiologicalcriteriaandcondensedintofour
etc.) and more easily viewed in a tabular life historytables (Appendixtables5A-5D). Majortable

erefore, information found {n the species life headings are: Biogeography, Habitat Associations,
was augmented with additional Biological Attributes and Economic Value, and

~’:~’lgure 6. Life history table headings used to develop the information in Appendix 5.

HABn’AT ASSOClATION~
Habitats Substrate preference Domain

Benthic

Threespine A Io ¯ ¯ ¯ ¯ i ol ¯ ¯ ¯ ¯ ¯ A I
stickleback SIO ¯ ¯ ¯ ¯ ¯ I OI¯ ¯ qD S

Gasterosteus J iO ¯ ¯ ¯ ¯ IOI ¯ ¯ ¯ ¯ JI
aculeatus LI¯ ¯ ¯ ¯ ¯ ¯ ¯ L i

REPRODUCTION

Fertilization/ Temporal ScheduleEgg ~velopment

Threespine
sticklebackGasterosteus

BIOGEOGRAI~W
Estuarine

Venice System

stickleback
Gasterosteus
acu/eatus

BIOLOGICAL A’rI’RIBUTES
Longevity

Threespine A ¯ ¯ O I ¯ ¯ ¯ A
stickleback S ¯ ¯ SGasterosteus

J ¯ ¯ ¯ ¯ ¯ ¯ jacuteatus
L ¯ ¯ ¯ ¯ ¯ L

~ E ¯ o Io o E
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Reproduction (Figure 6). These tables present life
history character.~stics for each species along with
behavior traits and preferred habitats. They reflect the Darnell, R. M., R. E. Defenbaugh, and D. Moore.
most current information about a species as gathered Northwestern Gulf shelf bio-atlas. Open File Re~
from published and unpublished literature and can be 82-04. Min. Manag. Sew., Gulf of Mexico OCS Re(.
used to quickly identify species with similar traits. For Office, Metairie, LA, 438 p.
example, a reader interested only in pelagic (as opposed
to benthic) species can use Appendix table 5B, Habitat Gunter, G. 1967. Some relationships of estuari
Associations, to identify relevant species. In addition, the fisheries of the Gulf of Mexico. In G. H.
terms used in the life history tables are defined in (editor), Estuaries, p. 621-638. Am. Assoc. Adv
Appendix 6. Special Publ. No. 83, Washington, D.C.

Hammerschmidt, P. C., and L~ W. McEachron.
Trends in relative abundance of selected shellf

As it becomes apparent, that the cumulative effects of along the Texas coast: January 1977 - March
small alterations in many estuaries have atotal systemic Texas Parks Wildl. Dept., Coast. Fish. Branch, f~
impactoncoastaloceanresources, itis more important Data Ser., No. 108, 149 p.
than ever to compile consistent information on the
Nation’s estuarine fishes and invertebrates. Although Joseph, E. B. 1973. Analysis of a nursery grout
the knowledge available to effectively preserve and A.L. Pacheco (editor), Proceedings of a worksh
manage estuarine resources is limited, the ELMR data egg, larval, and juvenile stages of fish in Atlantic
base provides an important tool for assessing the estuaries, p. 118-121. Mid. Atlantic coast. Fish.
status of estuarine fauna and examining their Tech. Publ. No. 1, Beaufort, NC.
relatio nships with other species and their environment.
These life history summaries and life history tables Mann, K. H. 1982. Ecology of coastal waters.
highlight many of the biological and envirsnmental Calif. Press, Los Angeles, CA, 322 p.
factors that play a role in determining each species’
distribution and abundance. Together, the ELMR data Monaco, M. E., R. L..Emmett, D. M. Nelson, and
base and life history information will provide valuable Hinton. 1990. Distribution and abundance of
baseline information on the biogeography and ecology and invertebrates in west coast estuaries, Volu
of estuarine fishes and invertebrates, and identify gaps Datasummaries. StrategicAssessment Branch,
in our knowledge of these valuable national resources. NOAA, Rockville, MD, 240 p.

TheELMRprogramiscontinuingtocompileandassess NOAA (National Oceanic and Atmosp
estuadne biological and physical data to improve the Administration). 1984. The national status and t
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Mytilus edulis
Adult

.2cm

Common Name: blue mussel However, California inland waters are closed to
Scientific Name: Mytilus edulis harvesting from May 1 to October 31 (both sport and
Other Common Names: bay mussel, edible mussel, commercial) because of potential forparalyticshellfish
black mussel, pile mussel (Gates and Frey 1974) poisoning. Six culture methods are currently employed:
Classification (Bernard 1983) raft; post, bottom, pole and line, long line, and rack.
Phylum: Mollusca Spain is currently theworld’s largest producerof cultured
Class: Bivalvia blue mussels (Oceanographic Institute of Washington
Order: Mytiloida 1981). There appears to be an excellent opportunity
Family: Mytilidae for more U.S. aquaculture of this species (Lutz 1980).

Recent research has shown that Pacific coast "Mytilus Recreational: Estimates of blue mussels harvested by
edulis" populations may actually be composed of two sportsmen are presently unknown. However, this
distinct species:M, trossulus Gould, 1850, distributed species is regularly used as bait and human food
from northern California through Alaska and the Soviet throughout its range.
Union, and M. galloprovincialis Lamarck, 1819,
distributed in Japan, Hong Kong, South Africa, the Indicator of Environmental Stress: Since it readily
Mediterranean Sea, the Atlantic coasts of Europe and takes up and concentrates contaminants in the marine
the British Isles, and southern California. In central environment, thisspecieshasbeenusedasa"sentinel"
California, both species are present along with hybrids of environmental quality (National Research Council
(McDonald and Koehn 1988). However, this species 1980, Broman and Ganning 1986). Increased
summary presents information using the previous temperatures can interact with zinc and salinity to
nomenclature of M. edulis, accelerate toxic effects (Cotter et al. 1982). Even low

concentrations of tributyltin oxide (a paint additive)
Value reduce mussel growth hyperbolically (Stremgren and
Commercial: Between 1942 and 1947, up to 1,350 t Bongard 1987). Adecline in the scope forgrowth of M.
were harvested annually in the United States (Cheney edulishasbeencorrelatedwith increasingbodyburdens
and Mumford 1986), but the harvest declined of chromium, copper, mercury, silver, aluminum, zinc,
dramatically after that period. Since the 1960s, total chlordanes, and dieldrin (Martin et al. 1984).
cultivation and harvesting increased; in 1981, 7,500 t Heavy metals, particularly mercury and copper, inhibit
were landed with most cultivation and harvesting byssal-threadformatior}. Lead is incorporated at a rate
occurring on the east coast, primarily in New England that is linear with seawater concentration, thus making
(Cheney and Mumford 1986). Cultivation of blue this an ideal animal for monitoring lead pollution in
mussels has recently been initiated in Oregon and marine environments (Haderlie and Abbott 1980).
California coastal waters, and in Puget Sound, Mussel embryos are highly sensitive to trace metals
Washington. Presently, mussels are commercially (Martinetal. 1981). Crudeoilisnothighlytoxictoadult
harvested from California offshore oil platforms, and juvenile blue mussels (Roberts 1976).
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Blue mussel continued

Range
abundance of blue mussel Overall: The blue mussell cosmopolitan in temperate

.., ~n 32 U.S. Pacific coast estuaries, and cold seas (Bernard 1983), is very abundant in
,... Life Stage quiet-water locations from Puget Sound to Alaska

A S J L E (Ricketts et al. 1985). In the Pacific Ocean, it ranges
~" ~ii ~:~ lj~!~ ~’! Relative Abundance: from Alaska to Cedros Island, Mexico (Morris 1966). It

t,~‘ Hood Canal ~:. ~i :~}i !(~:: ~: ¯ High!y abundant iS also found on the west coast of South America, and
Sk~Qit ~ii ~i! ili: i: (~ Abun~n, inJapan, Australia, and the North Atlantic (Haderlie

Ck ~ii ~i~ 0 Cornmon and Abbott 1980). On the east coast of North America,
................. ~,/ Raret,~{{apaBay C} C} OIc} O Blank Notpresent the blue mussel ranges from Cape Hatteras, North

::Colum~aR~ver O O O~O O Carolina toLabrador (Newell 1989). In the western
Neha~em B~y ~ ® ~ ~@ ~ Atlantic, itisfound in Great Britain, Ireland, Scandinavia,
"ril|amookBay ~) (~ ~} !(~, I~} Ufe Stage: and the Baltic Sea.

. A - Adults

SlletzRiver i!~::i .ii.~.i: i!!~!:::i.i~!:..i .:.i.~iJ-Juveniles Within Study Area: This species is found in nearly all
L-Larvae Pacific coast estuaries, but is most abundant in the

Alsea River :i.!~i. ’.i~.::. i.i.~ i.i:~ii.i i.i~:i northern part of its range (Table 1). In many southern
#,:~ Sluslaw River ~} (~ (~} i(~ ¯ California estuaries, this species is restricted to wharf
~.. UmpquaRiver ¯ ¯ ¯ ¯ e pilingsandtheundersidesoffloatingdocks (Rickettset
~;~ cooesay ~ ¯ ~ ® ~ al. 1985).

y~,?.~’,~ Rogue River %/ q

:~"-. ,, Klema~ River iliiiiill iii:.’i::.~.! ::i:::i:::i~i iiii:~i~i!i Life Mode
i;~.... Humbuldteay i i"i:: Eggs and larvae are pelagic. Juveniles and adults are

Eel River C} O :C} :i~:! C}I:. sessile and epibenthic, living on hard or rocky bottoms
~: "rOtaRies B~y ~i ~.! ~ ~i! ~ii or any relatively stable habitats (pilings, wharfs, hanging

~’lt. San Fran. Bay* ¯ ¯ ¯ ¯ !¯ * Includes Central San ropes, etc.). Juveniles and adults do not need light and
¯ !      Francisco, Suisun,¯ ¯ .¯ ¯ and San Pablo Bays. , are often found, underneath floating objects. They

:gh ~ ~ ~ ~ I® attachthemselvestothese substrates by byssalthreads.
.~ aorroBay ~ ~ ~ ~ I® AIIlifestagescanbefoundinestuariesandinnearshore
8alltaMonicaBay ~)"!(~i.~ (~}i:]~)ii: marine environments. Juveniles and adults do not

~,,,,. San Pedro Bay l l~:i i (~.i~i:i dominate exposed nearshore rocky marine habitats;
~ito~ Say ~ ! ~!: ~ ~:1i ~:.~ the California mussel M. californianus appearsto have

~,_- Aneheirn Bay ~",1 (~iI(~ {~ {~.ii a competitive advantage in these areas.
~.~-~ Newport Bay O I O (~} O O

Mission Say ~ i{~ ® ~) ~} HabitatSan Oie o Bay All life stages inhabit marine and estuarine
~, Tijuana Estuary Oi O O O O environments. They are most often found in estuaries

A S J L E or protected bays, since they prefer quiet water. Blue
,.~ mussels occur primarily intertidally to 5 m depth, but

have been found to 36 m (Cheney and Mumford 1986).
In many northern locations, they are found only

of this species often form a sublittorally (Seed 1976). The upper tidal limit of blue
on substrates (pilings, rocks, etc.) where mussels is relatedto physical factors (e.g., exposure to
conditions are suitable. These bands air and desiccation), while the lower limit is probably

acharacteristic animal assemblage (i.e., mussel determined by predation (Seed 1976):
provide substrates for barnacles, hydroids,

ans) (Kozloff 1976, Ricketts et al. Substrate: Plant¯grades (late larval stages) appear to
.._ ,iThis species is a common fouling organism, use algae-covered substrates initially before finding

..... are impQrtant prey for carnivorous final attachment sites (Seed 1976). Juveniles and
(Bayne 1976). Blue mussel populations adults can be found on a variety of substrates, ranging

in cyclingnitrogen, phosphorus, from coarse unconsolidated substrates to rocky
,amino-nitrogen in some marine environments outcrops. Almost any fairly stable substrate can be

rand Wallentinus 1980, Kautsky 1981, Kautsky used for settlement; including many man-made objects
1987). Genetic differences between such as pilings, ropes, wharfs, boat bottoms, buoys,
may enable them to invade suboptimal etc. (Shaw et al. 1988).

(Koehn et al. 1984, Mallet et al. i987).
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Blue mussel continued

Physical/Chemical Characteristics: This species is spawning occurs when water temperatures warm to
found in waters that range in temperature from -4 to 18°C (late spring or summer) (D. Tufts, Willapa Bay
30°C (Bernard 1983). It c_an withstand temperatures of Shellfish Lab., Washington Department of Fisheries,
1.7-26.7°C (Cheney ~nd Mumford 1986), but P.O. Box190, Ocean Park, WA, pers.comm.). Mussels
temperatures above 20°C appear to be stressful (Hines in British waters spawn when water temperatures rise
1979). Trochophoredevelopment occursbestwithin a from 9.5°C to 11-12.5°C (Chipperfield 1953). In Puget
salinity rangeof 30to40%oandtemperatures of 8-18°C Sound, Washington spawning occurs from late spring
(Bayne 1965). Larval survival at salinities from 15- through midsummer, withthespawningdurationbeing
40%o and temperatures of 5-20°C is good, but drops a few weeks in any location (Cheney and Mumford

. drastically at 25°C. Optimum larval growth occurs at 1986). Spawning begins in May in northern California,
20°C in salinities of 25-30%° (Brenko and Calabrese with partially spent mussels found until November
1969). Juveniles and adults tolerate salinities of 5- (Edwards 1984). In southern California, some males
37%oandcanwithstand0%oforashortpedod. Optimum may be ripe all year-round, but females have mature
temperature for juvenile and adult growth is 10-20°C ova from November-May (Moore and Reish 1969,
(Haderlie and Abbott 1980) and optimum salinity is 10- Haderlie and Abbott 1980). In British Columbia, most
30%°; it can tolerate low oxygen for several days. The blue mussels appear to spawn in spring, but some may
blue mussel prefers areas with slow to medium water also spawn again in fall (Emmett et al. 1987). Mussels
currents and areas protected from surf. Limited data are stimulated to spawn by increasing water
suggest that environmental requirements may limit temperature, mechanical action, strong wave action,
embryonic development, especially in estuarine lunar cycle, and various chemicals (Cheney and
populations (Bayne 1976). It appears that when water Mumford 1986).
conditions become adverse, adult and juvenile mussels
will isolate themselves from these conditions (close Fecundity: Fecundities range from 3 million to 6 million
shell and reduce pumping activity) and rely on anaerobic eggs per female (Skidmore and Chew 1985).
metabolism (Aunaas et al. 1988). Bay mussels are
often infected with the parasitic copepod Mytilicola Growth and Development
orientalis (Bradley and Siebert 1978). Egg Size and Embryonic Develo.Dment: Eggs areovoid

and 0.068-0.070 mm in diameter (Bayne 1976).
Migrations and Movement,~: Larvae swim freely for Embryonic development is indirect and external, and
approximately 4 weeks, settling mainly in the summer takes about 48 hours.
in southern California (Haderlie and Abbott 1980). In
Puget Sound, peaksettlementvarieswidelybutu~ually Age and Size of Larva~: Fertilized eggs first form
occurs from late April through early July. The period of trochophore and then veliger larvae;these larval stages
settlement appears to depend primarilyontemperature do not have a shell. Once secretion of the shells has
(Skidmore and Chew 1985). Post-larval mussels started, the larva is called a veliconcha. In this form,
secrete long, single, unattached byssal threads, which locomotion is provided by the velum. As the larva nears
increase drag and allow young mussels to be carried metamorphosis, a pedal organ develops; when this is
by weak currents (Haderlie and Abbott 1980). functional, the larva is called a pediveliger. After
Plantigradesoften attach anddetachthemselves many. secretion of the adult shell (dissochonch) begins, the
times before finally settling (Seed 1976). Larvae may larva is called a plantigrade (Bayne 1976) and is ready
undergo diurnal vertical migrations and "selective to settle out of the water column. The length of the
swimming" (swimming at different tide stages), thus larval stages depends on food availability, temperature,
aiding retention in estuaries (Bayne 1976). Juvenile salinity, and other variables (Bayne 1976). Larvae
and adult blue mussels appear to be more mobile than mature into spat in 3-4 weeks, but may remain planktonic
M.califomianus. Bluemusselsapparentlycancrawlto for up to 10 weeks (Cheney and Mumford 1986).
the edge of mixed colonies. This ability also permits Veliger larvae are about 0.110-0.260 mm wide;
them to move when sedimentation threatens to bury plantigrades are approximately 0.26-1.50 mm wide
them (Haderlie and Abbott 1980). (Bayne 1976).

Reproduction Juvenile Size Range: The blue mussel is 1.0-1.5 mm
Mode: The blue mussel is gonochoristic (but some long at settlement (Newell 1989). Growth rates are
hermaphroditism has been reported), oviparous, and highly variable depending on area, temperature, food
iteroparous. It is a broadcast spawner; eggs are availability, and other factors.
fertilized externally.

Age and Size’of Adults: Most appearto mature in about
Mating/S~)awning: In Willapa Bay, Washington, ayear, dependingonfoodavailabilityandotherphysical
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Blue mussel continued

Ilest adults may be 10 mm long and related’to predation. Above mean tide level, the blue
’ more than 5 cm long. However, mussel competes with Balanus glandula (Ross and

~t010 cm long have been found (Ricketts Goodman 1974).
Cultured mussels can reach 50 mm long

t..size) in 12-13 months in Puget Sound References
and Chew 1985). This size is reached in 2-

~ral California populations. The oldest Aunaas, T., J. P. Denstad, and K. E. Zachariassen.
(18-24 years old ) were from cool 1988. Ecophysiological importance of the isolation

climates (Seed 1976). Growth may be limited response of hibernating blue mussels (Mytilus edulis).
~ion time which in turn may be a result of Mar. Biol. 98:415-419.

(Suchanek 1978).
Bayne, B. L. 1965. Growth and delayof metamorphosis
of the larvae of Mytilus edulis (L.). Ophelia 2:1-47.

Larvae, juveniles, and adults are
filter feeders; pelagic detritus and Bayne, B. L. 1976. The biology of mussel larvae. In

organisms are trapped by mucus sheets B.L. Bayne (editor), Marine mussels:their ecology and
~.over the gills. They can select food items physiology, p. 81-410. Cambridge Univ. Press,
, non-food items. Cambridge, U .K.

:’Larvae feed on phytoplankton. Juveniles Bernard, F. R. 1983. Catalogue of the living Bivalvia
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and organisms as small as 4-5 ~m in Horn. Can. Spec. Publ. Fish. Aquat. Sci. 61, 102 p.
’lncze et al. 1980). Organic detritus can be a

rfoodsource, and they also absorb dissolved and Bradley, W., and A. E. Siebert, Jr. 1978. Infection of
organic compounds (Haderlie and Abbott OstrealuridaandMytilusedulisbytheparasiticcopepod

Mytilicola orientalis in San Francisco Bay, California.
~. Veliger 21 (1):131-134.

ical Interactions
: Predation has at times resulted in the loss of Brenko, M. H., and A. Calabrese. 1969. The combined

of the harvestable blue mussels in an area. effects of salinity and temperature on larvae of the
perch (Embiotoca lateralis mussel Mytilus edulis. Mar. Biol 4(3):224-226.

vacca), crabs (Cancer spp., and
),starfish(Pisasterochracea), Broman, D., and B. Ganning. 1986. Uptake and

spp.), and scoterducks (Melanitta spp. release of petroleum hydrocarbons by two brackish
nigra) (Waterstrat et.al. 1980, waterbivalves, Mytilusedulis(L.)andMacomabalthica

Institute of Washington 1981). (L.). Ophelia25(1):49-57.
fishes and invertebrates are important

blue mussel larvae. Cheney, D. P., and T. F. Mumford, Jr. 1986. Shellfish
~ and seaweed harvests of Puget Sound. Wash. Sea

,. Paralytic sl~ellfish Grant, Univ. Wash. Press, Seattle, WA, 164 p.
can reduce mussel abundances (Reish 1963)

’result in unharvestable products. Diseases Chipperfield, P. N.J. 1953. Observations of the
~alsocausesubstantial breeding and settlement of Mytilus edulis (L.) in British

et al. 1988). Pollution (both industrial waters. J. Mar. Biol. Ass. U.K. 32:449-476.
is a major problem for mussel growers

Ie of Washington 1981). Other Cotter, L. J. R., D. J. H. Phillips, and M. Ahsanullah.
¯ which reduce this species’ abundance are 1982. The significance of temperature, salinity, and

and storms. The mortality rate zincas lethal factors for the mussel Mytilusedulis in a
larval stage is probably as high as polluted estuary. Mar. Biol. 68:135-141.

Causes of larval mortality include
spersal, andunsuitablephysical Edwards, R. L. 1984. The reproductive percentage

Adult mortality may also be caused by solids cycles of Mytilus edulisand Mytilus californianus
stress (Emmett et al. 1987). The in Humboldt County, California. M.S. Thesis, Humboldt

mussel’s upper intertidal distribution appears to State Univ., Arcata, CA, 57 p.
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Blue mussel continued
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Blue mussel continued .
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Crassostrea gigas
Adult

5 cm

Common Name: Pacific oyster Bolinas Lagoon, and Morro Bay (Barrett 1963, P
S¢ie,ntific Name: Crassostreagigas et al. 1988, Wolotira et al. 1989). Nearly all F
Other Common Names: Japanese oyster, Miyagi oysters are cultivated on "oyster farms" in prot
oyster, giant oyster, immigrant oyster, giant Pacific coastal estuaries. Since successful spawning in
oyster (Fitch 1953, Gates and Frey 1974, Wolotira et al. estuaries is erratic, Pacific coast hatcheries have
1989) developed to produce spat, which is then sold to c
Classification (Bernard 1983a) growers who use this to "seed" their oyster beds.
Phylum: Mollusca to the development of these hatcheries, all see~
Class: Bivalvia imported from Japan (Conte and Dupuy 1981, Ri~
Order: Pterioida et al. 1985, Pauley et al. 1988). The seed is alloy
Family: Ostreidae grow, but clusters may have to be broken up ar

oysters moved to fattening grounds before h~
Value (Beattie et al. 1981). Pacific oysters are harv
~: The Pacific oyster is a highly valuable primarily byhydraulicdredge, tongs, and hand-p
estuarine species that is cultu red in appropriate habitats (Frey 1971, Cheney and M u mford 1986). Most o,
all over the world, including Australia, Japan, Hawaii, are sold fresh-shucked and frozen, while son"
Palau, southwest Europe, and the Pacific coast of canned or sold fresh in the shell. The Japanes~
North America (Haro et al. 1981, Lee et al. 1981, cultured Pacific oysters for over300 years, an(~
Menze11974, Quayle 1988). It was introduced to the developed numerous raft, line, and pole maric
United States from Japan in the early 1900s and has methods instead of on-bottom methods used pri~
been cultured ever since (Quayle 1988). In North in the U.S. and British Columbia (Bardach et al.
America, they are harvested from southeast Alaska to Haderlie and Abbott 1980, Gunn and Saxby
northern Baja California, with most produced in Pauleyet al. 1988).
Washington and southwest British Columbia waters
(Wolotira et al. 1989). It is Washington’s most valuable Recreational: Although most oysters are culti~
shellfish resource (Pauley et al., 1988). In 1982, some wild beds do exist in Washington and I
Washington alone harvested over 2,700 t of meat, Columbia. In Puget Sound and Hood Canal, th(
worth $20.4 million, and representing over 70% of all limitis 18/person,withtheseasonopenfromSept~
Pacific coast harvests (Cheney and Mumford 1986). 16 to July 14, except for a couple of state
About half of Washington’s landings come from Willapa (Washington Department of Fisheries 1986, W~
Bay (Hedgpeth and Obrebski 1981, Washington et al. 1989). Oysters are primarily taken in int~
Department of Fisheries and Washington Department regions to depths of <1.6 m (Wolotira et al. 198
of Ecology 1985). Other important western U.$. areas
include the southern waters of Puget Sound, Hood IndicatorofEnvirQr~mentalStress:Becauseofitsr~
Canal, Grays Harbor, Tillamook Bay, Yaquina Bay, hardiness and ability toconcentratecontaminat~
Coos Bay, Humboldt Bay, Tomales Bay, Drakes Estero, Pacific oyster has been used to indicate water c
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Pacific oyster continued

cnidarians, polychaetes, molluscs, crustaceans, and
, abundance of Pacific oyster bryozoans; many of these introduced species are

32 U.S. Pacific coast estuaries, predators or competitors with native species or are
Life Stage mariculture pests (Smith and Carlton 1975, Ricketts et

A S J L E al. 1985, Quayle 1988). Pacific oysters appear to

~ Relative abundance: successfully compete with the native oyster (Ostrea
~iiiiiiiii ¯ R~b~y~n~ant lurida), which is now restricted to ty.pically deep low
......... (~ Abundant salinity areas (Sayce 1976).::~!!!::i::i::

O Common

Blank Not present
Range
Overall: The Pacific oyster is a temperate species that
is now found in southern Australia to New Zealand,

Life stage: Hawaii, Palau, along the Asian coast from China to the
,N=~rt~ Bay :!i’~iii~ii A-Adults southern Kuril Islands, and the North American coastS-Spawning adults from southeast Alaska to northern Mexico (Morris

iiiiiiiii L-Larvae 1966, Young 1966, Hare et al. 1981, Lee et al. 1981,
N=a River .!i;i:~!iii

E-Eggs Quayle 1988, Wolotira et al. 1989).. The Portuguese
~lu~e~Rlver oyster (C. angulatus), which ranges from Portugal,

~UmpquaRIver England, and southwest Europe, may be the same
coosBay species (Menze11974, Wolotira et al. 1989).

Rogue River

I~11ath River .?,!::,;; Within Study Area: The Pacific oyster is found in most
~um~dt Bay ii:!i~: Pacific coast estuaries from Morro Bay, California, to
~" Eel Riwr i;iii:ii Skagit Bay, Washington, where estuarine physical

.~:.:i!!i!i conditions are appropriate and water pollution is not a
Bay* * ~,~,,, c~,r= s,= problem (Table 1 ). Pacific oysters were once cultured

;8an Fran. I~y Francisco, S~.~., in San Francisco Bay and Elkhorn Slough, California,and San Pablo bays.
~ S~eugh but high pollution levels now make oysters from these

~orroBay areas unhealthy to consume (Frey 1971). The
~~’~ Columbia, Rogue, Klamath, and Eel River estuaries do

i ~ Pedro Bay ..........:"= ~ notha                                             v e oyste        r s because salinities are not approp                                      r late

,~lahelrn Bay Life Mode
~.N~vport Bay Eggs and early larval stages are pelagic.-Late larval

nay stages are sedentary. Juveniles and adults are
sedentary and benthic/epibenthic (Quayle 1988).

A s J E Habitat
_T_3_~: Eggs and larvae are estuarine/neritic, occurring

estuaries. For example, antifouling 1988). Juveniles and adults are found in bays and
)erandtri-n-butyltincauseoyster estuaries in lower intertidal areas tO depths of 7 m

alter growth rates, increase oxygen below mean lower low water (Haderlie and Abbott
may affect larvae viability (Paul and 1980).

His and Robert 1987, Lawler and Aldrich
1988). Presently, many estuarine areas Substrate: Firm bottoms appear to be preferred;
oyster culture and harvest because of however, this species can be found on mud or mud-

,n commonly associated with sand bottoms. Pacificoystersareusuallyfoundattached
marinas, and sewage outfalls (Cheney to rocks, debris, or other oyster shells (Barrett 1963,

1986). Quayle 1988).

Pacific oyster is the dominant bivalve Physical/Chemical Characteristics: The Pacific oyster
many estuarine areas where it is cultured, is found in mesohaline-euhaline waters (usually 10-

"exotic" organisms were introduced in 35%°) (Barrett 1963, Berg 1971, Quayle 1988). It
along with Pacific and Virginia tolerates air temperatures to -4°C during low tides and

These exotics include spongesI water temperatures of 4-36°C (Quayle 1988, Wolotira ¯
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Pacific oyster continued

et. al. 1989), and spawns at water temperatures of 14- not occur annually. Therefore, spawning is sporad
30°C, but only rarely below 18°C (Haderlie and Abbott nonexistent in most estuaries (Span 1978, Ricket
1980). Optimum sj3awning temperatures are probably al. 1985, Quayle 1988). In California and other ar
21-23°C (Quayle’1988). Larvae can survive water Pacific oysters may spawn but the larvae may
temperaturesof 17.5-35.0oc (Berg 1971), and 15°C for survive (Berg 1971, Haderlie and Abbott i980, Ric|
ashorttime(Pauleyetal. 1988). Larval setting is best et al. 1985). Areas where successful reprodu(
at temperatures of 25 to 30°C, salinities of 19 to 27%o, does occur include: Pendrell Sound and the Str~
and on oyster shells that were first dipped in an aqueous Georgia to Tofino Inlet on the west coast of Vancol
extractofoystertissue (Carlson 1981,NellandHolliday Island, Dabob Bay in Hood Canal, Washington,
1988). Adults will continue to feed down to 3°C, but occasionallyinWillapaBay, Washington (Quayle I t
growth stops when temperatui’es drop below 10°C Wolotira et al. 1989). Eggs are not released into
(Barrett 1963, Quayle 1988). Best conditions for somatic exhalant siphon like manyother bivalves, but dischat
growth are 17°C (ranges 15-18°C), salinities >24%o into the suprabranchial chambers, passed througl~ ¯
(ranges10-35%o), food suspensions of120 mg/l (ranges gills into the mantle chamber, and then expelle(
24-550 mg/I), oxygen levels above 70%, suspended contraction of. the adductor mussel. Eggs may tr~
sediments between 0.0 and 8.0 mg/I, and pH levels 30 cm or more when discharged. Females rele
above 7.8 (Bernard1983b, Brown and Hartwick1988a). eggs 5-10 times/minute, while the males releas
Growth rates correlate primarily with suspended continuous stream of sperm through their exha
particulate organic material levels and secondarilywith siphons (Quayle 1988).
temperature, but are mediated by salinity (Malouf and
Bresse1977,Brown1988,BrownandHartwick1988b). Fecundity: Fecundity ranges from 10 million to
Paralytic shellfish poisoning can be a problem when million eggs per female, with fecundity increasing,
oysters feed on the dinoflagellate Protogonyaulax age (Frey 1971, Wolotira et al. 1989). The aver
acatanella, buttheyquicklylosetheirtoxicitywhenthe market-sized oyster produces 50-100 million
dinoflagellate bloom is gone. (Haderlie and Abbott year (Quayle 1988). Individuals may spawn repeat~
1980, Quayle 1988). Embryos are very sensitive to during a spawning season (Haderlie and Abbott 1~
zinc and other metals (Boyden et al. 1975). Quayle 1988).

Migrations and Movements: Planktonic eggs and larvae Growth and Development
are moved bywatercurrents. Late-stage larvae settle Egg Size and Embryonic DeveloDment: Eggs
out of the water column and crawl on the bottom spherical and 0.05 mm in diameter (Quayle 19~
searching for suitable substrates before finally setting Embryonic development is indirect and external.
(Quayle 1988). Juveniles and adults are sedentary
and usually become firmly attached to materials on the Age and Size of Larvae: Fertilized eggs develop
bottom (Quayle 1988). veliger larvae in 24-48 hours depending ontemperal

(Cahn 1950, Quayle 1988). Larvae are free-swimrr
Reproduction for 2-4weeks depending on temperature (Haderlie
Mode: The Pacific oyster is gonochoristic (some Abbott1980,Strathmannetal. 1987). Thentheys~
hermaphroditism occurs) and a batch spawner, onto substrates and metamorphose into spat (Qu~
broadcasting its gametes and relying on external 1988). Larvae range in size from 0.06 to 0.32
fertilization (Berg 1969, Haderlie and Abbott 1980). (Wolotira et al. 1989); they are 0.27-0.31 mm Ion~.
This species is a protandric hermaphrodite, developing settlement (Strathmann et al. 1987). They will g~
first as a male and later changing to a female (Quayle from 0.075 mm to about 0.3 mm in about a month al
1988). Sex appears to be influenced by environmental to 24°C (Quayle 1988).
conditions, with some females becoming males when
the food supply is low and males becoming females Juvenile Size Range: Juvenile sizes range from ab
when food is al~ndant (Quayle 1988). 0.30 mm to 40.0.mm. Size depends on tidal hek.

area of settlement, and other factors (Quayle 198~
Mating/SDawning: Spawning is initiated by a rise in
water temperatures (usually above 18°C) or by Age and Size of A~lults: ThePacificoystermaymat
hormones released from the sperm of other oysters in 1 year aad may be as small as 30 mm shell len
(Quayle 1988, Wolotira et al. 1989). This species (Wolotiraetal. 1989). Adultsgrowto10-12cm(maf
spawns from June to September (primarily July to size) in 2 to 3 years in California’s waters, but mayg~
August) during high tide (Quayle 1988). Minimum for 20 years or more (Haderlie and Abbott 1980).
thresholdsp&wningtemperaturesare notoftenreached Oregon and southern Washington, 2-4 years
in many Pacific coast estuaries, or if they are, they do required to grow to market size; 4-6 years’ growtl
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,̄. Pacific oystercontinued

Washington, British Columbia, Siltation and increased turbidities of oyster beds
iiey et al. 1988). This species may resulting from logging, upland alterations, and natural

shell length, but most are 10.2-12.7 causes can result in high mortalities (Pauley et al.
al. 1988). Shell growth and shape are 1988,Quayle 1988). In northern latitudes, icecanpush
,dependingontemperature, food supply, them into sediments. In areas of high population

other factors (Cahn 1950, Quayle densities, food may be a limiting factor (Pauley et al.
1988). Diseases, algal blooms that inhibit feeding, bay

..~ ghost shrimp (Callianassa califomiensis), and blue
’~ mud shrimp (Upogebia pugettensis) can also reduce

Juveniles and adults are detritivores, population sizes. In the 1960s and 1970s, mass
and suspension feeders (Haderlie mortalities of older (>2 years old) Pacific oysters

Quayle 1988). Food is taken in the occurred in Washington and California during late
filtered and collected by mucus on the summer when water temperatures approached or

palps, and transferred to the mouth, exceeded 20°C. The cause of this mortality was never
positively identified, but infection by Vibrio spp. and

rvae feed on naked flagellates (Berg variability in the oyster’s carbohydrate cycle were
iniles and adults eat primarily implicated (Beattie et al. 1981, Elston et al. 1987,

~ch as bacteria, dinoflagellates, Pauley et al. 1988). However, environmental stresses
al and invertebrate gametes such ’as prolonged air exposure times, warm

Theyalsoconsumeplant temperatures, and dinoflagellate blooms may have
but the importance of this material promoted mortality of already stressed oysters (Pauley

unknown (Barrett 1963, Quayle 1988). et al. 1988). Other estuarine species reduce Pacific
-~ oyster growth or indirectly affect oyster viability. Mud

and ghost shrimp cause serious damage to oyster
are eaten by numerous predators beds by making grounds too soft for culture or by

:~ntinnidae and other ciliates, ctenophores, smothering them. This has required the controversial
aurita and Chrysaora melanastet), use of the insecticide SEVIN (carbaryl) to reduce

Pacific herring (Clupea pallas1), shrimp populations (Washington~ Department of
1971). The introduced flatworm Fisheries and Washington Departmentof Ecology 1985,
ostreophagus) can be a major Quayle 1988). Other harmful organisms include

’Oyster spat (Quayle 1988). Predators of protozoa, bacterial diseases, sponges, flatworms,
adults include crabs (C. magister, C polychaetes, and a parasitic copepod (Mytilicola

), oyster drills (Ceratostoma orientalis) (Dungan and Elston 1988, Quayle 1988).
Urosalpinx cinerea), starfish (Pisaster Fouling organisms such as mussels, tunicates, algae,

Evasterias troschelii, and sponges, anemones, hydroids, and bryozoans may
andducks (Aythyaaffinis), compete with oysters for food~ reduce oyster growth

white winged scoters (Mellanita spp.), rates, and affect spat settlement (Quayle 1988). The
of juvenile and adult oysters in Pacific oyster’s chief enemy is man, who by dredging

bat ray (Myliobatis califomica) activities and pollution, reduces areas where viable
(Squatina califomica) (Haderlie and oysterproductioncanoccur(Wallace 1966, Rickettset

al. 1985). al. 1985). For example, sulfite liquor.effluent from pulp
"~ ~ . mills in the Pacific Northwest appears to affect survival

Probably the most andgrowthofalloysterlifestages(CheneyandMumford
limiting Pacific oyster populations on 1986). Because of pollution., many bays and estuaries

is low water temperatures which once used for oystering are now closed or restricted
., In areas where they do spawn, (Gunn and Saxby 1981, Qualman 1981, Cheney and

often do not survive and set, Mumford 1986).
~reoptimal.

may be due to low temperatures, References
lack of food, toxins from

~redation, and bacterial orfungal Bardach, J. E., J. H. Ryther, and W. O. McLarney.
.’1971). Juveniles may be killed by 1972. Aquaculture: The farming and husbandry of

fityandtemperature. Adultsand freshwater and marine organisms. John Wiley and
are affected by storms and Sons, Inc., New York, NY, 868 p.
can displace individuals and
(Cheney and Mumford 1986).
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Pacific oyster continued
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Tresus capax
Adult

5 cm

Common Name: horseneck gaper et al. 1989).
Scientific Name: Tresus capax
Other Common Names: Alaskan gaper, fat gaper, Recreational: The horseneck gaper is harve
blue clam, empire clam, gaper, gaper clam, greyneck recreationally from Humboldt Bay, California, to P
clam, horseneck clam, horse clam, bigneckclam, giant Sound, Washington (Machell and DeMartini 1
rockdweller, butter clam, money shell, giant saxidome Wolotira et al. 1989). No more than 10/day ca
(Morris 1966, Gates and Frey 1971, Haderlie and taken in California (Ricketts et al. 1985),12/d~
Abbott 1980, Woiotira et al. 1989) Oregon (Oregon Department of Fish and Wildlife 1~.
Classification (Bernard 1983a) and 7/day in Washington (Washington Departme
Phylum: Mollusca Fisheries 1986). It is harvested primarily by I
Class: Bivalvia (using shovels, rakes, etc.) during low tides.
Order: Veneroida
Family: Mactridae Indicator of Environmental Stress: Clam beds

sometimes closed to harvest because of par~
Value shellfish poisoning or coliform bacterial contamin~
Commercial: This species and the Pacific gaper (Tresus As a result of pollution in Washington waters, over
nuttallil~ are harvested commercially from northern of the potential areas for subtidal hardshell
California to British Columbia (landings are not harvesting are closed (Schink etal. 1983).
separated by species) (Wolotira et al. 1989). It is taken
both subtidally and intertidally using hydraulic pumps, ]Ecological: The horseneck gaper is often the la~
mechanical dredges, potato forks, shovels, and clam subtidal and intertidal suspension/filterfeeding bi\
rakes (Frey1971 ,Wolotira etal. 1989). Recent harvests in many Pacific coast estuaries (Hancock et al. !!
have averaged about 225 t annually, placing them fifth
in volu me for the entire U.S. and Canada Pacific coast Range
clam harvest (Wolotira et al. 1989). This species is Overall: This species’ overall range is from Mont
taken year-round, but most are harvested from July to California, to Kodiak, Alaska and the mouth of P
DecemberinBritishColumbiaandOregon(Wolotiraet William Sound, Alaska. It is uncommon sou
al. 1989). Although the horseneck gaper is a large clam Humboldt Bay, where it is replaced by T. nL
that provides excellent meat for chowder or clam (Bernard 1983a, Rudy and Rudy 1983, Wolotira
steaks, it is not often sold fresh. Instead, it is usually 1989).
canned because it has a fragile shell that breaks easily
and its valves gape, reducing shelf life and allowing Within Study Area: The horseneck gaper is found
water loss. Also, a tough outer covering on its neck Humboldt Bay to Puget Sound, reaching hi.~
increases processing/packaging time and meat yield abundances in Coos and Siuslaw Bays, Oregon (
du ring processing is low (25-30% of total body weight) 1 ). It is rare from Humboldt Bay south to San Fran
(Quayle and Bourne 1972, Ricketts et al. 1985, Wolotira Bay, California, and is not found in any estuaries fL
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horseneck gaper continued

M LLW (Wendell et al. 1976, Goodwin and Shau11978,
abundance of horseneck gaper Cheney and Mumford 1986).

I.S. Pacific coast estuaries.
"̄- Substrate: The horseneck gaper is found primarily in!. Ufe Stage

A S J L E substrates consisting of shell fragments and dense
i~l Rela~veabundance: sand, as well as silty-sand and gravel (Bourne and

(~]I ¯ Highly abundant Smith 1972b, Wendell et al. 1976, Cheney and Mumford
® Abundant 1986). In Humboldt Bay, clam densities are greatest in¯ t O cor, r, on silty-sand substrates covered with eelgrass (ZosteraO11 %/ Rare

Blank Notpresent spp.) (Wendell 1973). Sediment structure affects
burrowing depth; clams burrow deeper in mud and
sand substrates than in clay subst rates (Oceanographic

(~1 Life stage: Institute of Washington 1981 ).
(~] I A - Adults

S - Spawning adults
j- Juveniles physical/Chemical Characteristics: Juveniles and adults

¯ ~t L- L~,ae are found in polyhaline-euhalinewaters, at temperaturesE-Eggs
of 2-20°C (Bernard 1983a). Larvae do not survive at
20°C (Bourne and Smith 1972a). Optimum conditions
for somatic growth are 13°C water temperatures (range
11-18°C), 28%0 salinities (range 26-31%o), and food
suspension density of 95 mg/I (range 15-200 mg/I)
(Bernard 1983b).

Migrations and Movements: Eggs and larvae are
dispersed by currents. Juveniles and adults do not¯ J,c~,~e, co,t,a~ s~, move laterally once they become established. Clams

Francisco, Suisun,
and San Pablobays. older than two years (77 mm shell length) lose the

ability to reburrow (Wendell et al. 1976).

Reproduction
Mode: The horseneckgaper is gonochoristic, oviparous,
and iteroparous. It is a broadcast spawner, hence eggs
are fertilized externally (Bourne and Smith 1972b).

M ~ting/S_oawning: Spawning begins when waters warm
after the seasonal minimum (Bourne and Smith 1972b,

A S J L E Cheney and Mumford 1986), usually late winterto early
---- spring. In British Columbia and Puget Sound, spawning

occurs from February-May, peaking primarily in March
sco Bay. It is not found in many (Bourne and Smith 1972b). In California and Oregon,

or estuaries with relatively high river spawning occurs from January-March, peaking in
Columbia, Siletz, and Rogue. February (Machel11968, Machell and DeMartini 1971,
Klamath and Eel Rivers). Breed-Willeke and Hancock 1980, Robinson and

Breese 1982). The horseneck gaper may spawn more
than once during the spawning season (Bourne and

Jarvae are pelagic. Juveniles and adults are Smith 1972b)
ha, burrowing into sediments to depths <1
~ 25-50 cm (Cheney and Mumford 1986, E.e,£,_U_~[~: Unknown.

~).
Growth and Development

iz n’ m ni D I m : Eggs are
are neritic. Juveniles and adults spherical and .0.06-0.07 mm in diameter (Bourne and

in bays and estuaries, occurring Smith 1972a). Embryonic development is indirect and
(+2 m) down to 30 m below mean external; after fertilization, polar bodies form within 40

In Puget Sound and Humboldt minutes, trochophores form within 24 hours, and veligers
~most abundant at depths 1-5 m below by 48 hours.

27

C--044855
C-044855



horseneck gaper continued

Age and Size of Larvae: Larvae range from 0.06-0.07 horseneck gapers burrow deeper, escapin~
mm to 0.26-0.27 mm in diameter (Bourne and Smith physical and biological stresses. Recruitment
1972a). Metan~orphosisto spattakes 24 days at 15°C, highly variable on some clam beds, resulting
26 days at 10°C, and 34 days at 5°C (Bourne and Smith dominated by only one or two age classes
1972a). Larval settlement occurs primarily between al. 1976, T. Gaumer, Oregon Department of Fi~
early spring and summer. Newport, OR, pers. comm.). In general, ir

populations of this species are affected by nu
Juvenile Size Range: Juveniles range in size from alterations and disturbances, including: siltation,
0.26-0.28 mm to about 70 mm shell length (Bourne and freshwater runoff, floods, erosion, dredging, anc
Smith 1972a, 1972b). They may grow to 2.54 cm after development (Schink et al. 1983). Diseases rr
1 winter (Quayle and Bourne 1972). Most growth affect horseneck gaper populations (Wende
occurs during the spring and summer when Armstrong and Armstrong 1974); it is often i
phytoplankton is abundant (Wendell et al. 1976, Haderlie with a haplosporidan parasite (43% in Yaqui,
and Abbott 1980). Oregon).(Armstrong and Armstrong 1974). Two

of pinnotherid crabs (Pinnixa faba and P. littor.
Age and Size of Adults: Size appears to determine knowntoinhabitthemantlecavityofhorsenec~
maturity; most horseneck gapers mature at about 70 (Pearce 1965, Stout 1967), but apparently cal
mm shell length (SL) (Bourne and Smith 1972b). In harm to the clam (Haderlie and Abbott 1980).
British Columbia, this takes four years, but only three
years in California and Oregon (Bourne and Smith References
1972b, Wendell et al. 1976, Hancock et al. 1979). In
Oregon, subtidal clams between the ages of four and Armstrong, D. A., and J. L. Armstrong. 1,
seven years grow faster than intertidal clams of similar haplosporidan infection in gaper clams, TresL
ages(Hancocketal. 1979). The horseneck gaper can (Gould), from Yaquina Bay, Oregon. Prc
live to 16 years and can reach 254 mm SL (Morris 1966, Shellfish.Assoc. 64:68-72.
Bourne and Smith 1972b). The oldest clams found in
Oregon were 10-12 years old (Hancock et al. 1979). Bernard, F. R. 1983a. Catalogue of the living

of the eastern Pacific Ocean: Bering Strait "
Food and Feeding Horn. Can. Spec. Fish. Aquat. Sci. 61,102
TroDhic Mode: Juveniles and adults are suspension/
filterfeeders(HaderlieandAbbott 1980). Food particles Bernard, F. R. 1983b. Physiology and the ma
travel in water through the inhalant siphon and are of some northeastern Pacific bivalve mollusc
co!lected on the gills, sorted by the palps, and passed Spec. Publ. Fish. Aquat. Sci. 63, 24 p.
tothe mouth. Energy reserves are stored as glycogen
in the gonads and as fat (Reid 1969). Bourne, N., and D. W. Smith. 1972a. The

temperature on the larval development of tl
~: Juveniles and adults feed on suspended clam, Tresus capax (Gould). Proc. Natl.
diatoms, flagellates, dinoflagellates, and fine detritus, Assoc. 62:35-37.
including small eelgrass (Z. marina) particles (Stout
1967, Haderlie and Abbott 1980). Bourne, N., and D. W. Smith. 1972b. Bree

growth of the horse clam, Tresus capax (~
Biological Interactions southern British Columbia. Proc. Natl. Shellfis
Predation: Eggs and larvae are probably preyed on by 62:38-46.
many planktivorous organisms. Predators ofjuveniles
include:worms, snails, crustaceans, and copper rockfish Breed-Willeke, G. M., and D. R. Hancocl,
(Sebastes caurinus) (Wolotira et al. 1989). Common Growth and reproduction of subtidal populat
predators of juveniles and adults include moon snails gaper clam Tresus capax (Gould) from Yaq~
(Polinices spp.), Dungeness crab (Cancermagister), Oregon. Proc. Natl. Shellfish. Assoc. 70:1-1
bat ray ( Myliobatis califomica), and sea stars (Pisaster
spp.) (Haderlie and Abbott 1980). Cheney, D. P., and T. F. Mumford, Jr. 1986.

and seaweed harvests of Puget Sound. W
Factors Influencing Populations: Predation can cause Grant, Univ. Wash. Press, Seattle, WA, 1
very high mortalities on some clam beds (Haderlie and
Abbott 1980). High mortality of small juveniles is Frey, H. W. 1971. California’sliving marine~
probably due to low salinities, temperature stress and and their utilization. Calif. Fish Game,
predation (Wendell et al. 1976). As they grow, CA, 148p.
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~ ¯ horseneck gaper continued

’:H. W. Frey. 1971. Designated. Robinson, A. M., and W. P. Breese. 1982. The
i:0f certain marine organisms of spawning season of four species of clams in Oregon.
Fish Game, Fish Bull. 161:55-90. J. Shellfish Res. 2(1):55-57.

and W. Shaul. 1978. Puget Sound Rudy, P.,Jr.,andL.H. Rudy. 1983. Oregonestuarine
clam survey data. Prog. Rep. 44, invertebrates-Anillustratedguidetothecommonand
Olympia, WA, 92 p. important invertebrate animals. U.S. Fish Wildl. Serv.,

..~ Biol. Serv. Prog., FWS/OBS-83/16, Portland, OR,
C., and D. P. Abbott. 1980. Bivalvia: The 225 p.

allies. In R. H. Morris, D. P. Abbott, and E.
~riie (editors), Intertidal invertebrates of Schink, T. D., K. A. McGraw, and K. K. Chew. 1983.

,855-411. Stanford Univ. Press, Stanford, Pacific coast clam fisheries. Wash. Sea Grant, Univ.
Wash., Seattle, WA, 72 p.

R., T. F. Gaumer, G. B. Willeke, G.P. Stout, W. E. 1967. A study of the autecology of the
Flynn. 1979. Subtidalclam populations: horse neck clams Tresus capaxand Tresus nuttalliiin

"abundance, and ecology. Oregon Sea South Humboldt Bay, California. M.A. Thesis, Humboldt
No. ORESU-T-79-002. Oregon State State Univ., Arcata, CA, 51 p.

OR, 243 p.
Washington Department of Fisheries. 1986. 1986-

The reproductivecycleoftheclam 1987 (April I thru March 31) salmon, shellfish, bottom
(Gould, 1850), Family Mactridae, in fish sport fishing guide. Wash. Dept. Fish., Olympia,

f, California. M.A. Thesis, Humboldt WA, 20 p.
Arcata, CA, 28 p...

~i~. ’ Wendell, F. E. 1973. Ecology of the gaper clam,
R.,and J. D. DeMartini. 1971. An annual Tresus capax (Gould, 1850) in Humboldt Bay,

cycle of the gaper clam, Tresus capax California. M.S. Thesis, Humboldt State Univ., Arcata,
Humboldt Bay, California. Calif. CA, 37 p.

:274-282.
Wendell, F., J. D. DeMartini, P. Dinnel, and J. Siecke.

A field guide to Pacific coast st~ells. 1976. The ecology of the gaper or horse clam, Tresus
.3o, Boston, MA, 297 p. capax (Gould 1850) (Bivalvia: Mactridae)in Humboldt

Bay, California. Calif. Fish Game 62(1):41-64.
Institute of Washington. 1981. Clam.

industries in Washington State. Wolotira, R. J., Jr., M. J. Allen, T. M. Sample, C. R. Iron,
Wash., Seattle, WA, various S.F. Noel, and R. L. Henry. 1989. Life historyand

harvest summaries for selected invertebrate species
occurring off the west coast of North America. Volume 1:

of Fish and Wildlife. 1976. Shelled molluscs. NOAATech.Memo.NMFSF/NWC-
clams. Corvallis, OR.           160, 177 p.

. .:~, 1965. On the distribution of Tresus
aters of Puget Sound

Veliger 7(3):166-170.

N. Bourne. 1972. The clam
.rit.ish Columbia. Fish. Res. Board Can.,

P.

Seasonal observations on diet,
en and lipids in the horse clam,

(Gould, 1850). Veliger 11 (4):378-381.

Ji Calvin,. J. W. Hedgpeth, and D. W.
Pacific tides. Stanford Univ.

652 p.
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,Tresus nuttallii
Adult

5 cm

Common Name: Pacific gaper 1971, Wolotira et al. 1989). It is taken year-rour
Scientific Name: Tresus nuttallii most are harvested from July to December in I
Other Common Names: Washington clam, big-neck ’ Columbia (Wolotira et al. 1989).
clam, blue clam, empire clam, gaper clam, great
horseneck clam, otter-shell clam, rubberneck clam, Recreational: The Pacific gaper is an imp,
summer clam (Wolotira et al. 1989) recreational species in Puget Sound, Washingto
Classification (Bernard 1983) in California estuaries, including Humboldt
Phylum: Mollusca Tomales Bay, Bodega Bay, Drakes Estero, B,
Class: Bivalvia Lagoon, Elkhorn Slough, and Morro Bay. It is
Order:Veneroida found in the estuaries of coastal Washingto~
Family: Mactridae Oregon except for Netarts Bay, Oregon, where

of the gapers are T. nuttallii (T. Gaumer, O
Value Department of Fish and Wildllife, Newport, OR,
Commercial: The Pacific gaper is harvested with the comm.). It is particularly abundant in Tomale
similar horseneck clam, Tresus capax. Landings are where up to 35,000 have been taken annually
not identified to species, but instead reported together location (Frey 1971 ). This species is dug at low!
as"horse clams". From 1981-1983, horse clam landings hand or with hand tools (Frey 1971 ). It is one
from the U.S. and Canadian Pacific coast averaged most common bay clams along the California
about 225 t annually, and ranked fifth in volume of all Not more than ten Pacific gapers per person p,
clams harvested (Wolotira et al. 1989). Much of the can be taken in most areas of California (Sc
commercial harvest in British Columbia has been by 1986). This species is often made into chowder
geoduck (Panopea abrupta) divers after they have 1971).
reached their geoduck quota (Wolotira et al. 1989).
The Pacific gaper is relatively large and has. many Indicator of Envir0nmcnt~l Stre~: Clam bec
biological characteristics which discourage sometimes closed to harvest because of pa
commercialization. It burrows deep into soft sediments, shellfish poisoning. Other beds are permanently(
making hand harvest difficult. The shells are relatively to harvesting because of contamination by
fragile and tend to break; once harvested, the shells bacteria. As a result of pollution in Washington
gape, causing water loss and reducing shelf life. Meat over 25% of the potential areas for subtidal
yield per clam is relatively low, usually <30%, and the harvesting are closed (Schink et al. 1983). In Call
large siphon (often 60% of its shucked weight) has a clams in estuaries such as San Francisco Bay
tough, leatheryskinthat requiresextraefforttoremove commonly harvested because of pollution. En
(Quayleand Bourne 1972, Ricketts et al. 1985, Wolotira are good bioassay organisms (Woelke et al.
et al. 1989). This species is harvested both subtidally
and intertidally using hydraulic pumps, mechanical Ecological: This species is a large, subtidal and
dredges, potato forks, shovels, and clam rakes (Frey intertidal suspension/filter feeding bivalve
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Pacific gaper continued

:oo. ,Within Study Area: The Pacific gaper is found in Pacific
abundance of Pacific gaper coast estuaries from Puget Sound, Washington, to

!.S. Pacific coast estuaries. Tomales Bay (Table 1). However, it is rarely found in
Life Stage the coastal estuaries of Washington and Oregon (except
s J L E Netarts Bay), and is not common in most bays and

~ ~ Relative abundance: lagoons south of Pt. Conception, California.

Abundant          Life Mode~ ~!! o Corer.on
~ ~ q Rare Eggs and larvae are pelagic. Juveniles and adults are

’~ ~__ ~ Blank Notpresent benthic infauna; adults may burrow to depths of 1 m
_ _ (usually found 25-50 cm deep) (Cheney and Mumford

1986, Wolotira et al. 1989).
Ufe stage:

~ ~
A-Adults

~ S- Spawning adults Habitat
~ i;i:ii::iii J- Juveniles ~.~: Eggs and larvae are neritic. Juveniles and adults
~ ~ E - Eggs are found primarily in bays and estuaries, but may also

ii.!ii~i=~l ~:!~=i~ili~ occur in protected coastal waters (Frey 1971, Wolotira
_ _ etal. 1989). Juvenilesandadultsoccurfromthelower
_ _ intertidal zone to 30 m below mean lower low water
_ _ (MLLW). In Puget Sound, they are most abundantfrom

1-5 m below MLLW (Goodwin and Shau11978, Cheney
and Mumford 1986).

~ ii~:!:~!~:i~i Substrate: The Pacific gaper is most abundant in
~ ~ sediments consisting of fine sand or firm sandy mud.
~̄ ~,/ ~/ ncludes Central San

F,~=,~o, S~o,, But, it is also fou nd in relatively firm sediments consisting
en~ s,= ~,~ ~a~. of sand, silty-sand, sandy-clay, and gravel (Swan and

®1~ ~ ~ Finucane 1951, Bourne and Smith 1972, Cheney and
¯ 1~ ~ ~ Mumford1986,Wolotiraetal.1989). Sedimentstructure

~ ~:~/~..... affects burrowing depth; clams burrow deeper in mud
@]_@ ~i~ and sand substrates than clay substrates
~ !~i ii~.ii (Oceanographic Institute of Washington 1981 ).°

Physical/Chemical Characteristics: It occurs in
polyhaline-euhaline waters, and temperatures of 1-
21 °C (Bernard 1983). Freezing temperatures on mud

-- flats may limit this species’ northern distribution (PearceA ~ J L E
1965).

~ndmanyCaliforniaestuaries, Mi r i n n M v m n : Eggs and larvae are
1971). Pea crabs (Pinnixa dispersed by currents. Juveniles and adults do not

P. littoralis) can be.found in the move laterally once they become established. Small
ty (Ricketts et al. 1985). The. Pacific gapers have the ability to reburrow after being
covered with many different disturbed, but like T. capax, older, larger clams (>60

and animals (Haderlie and Abbott mm shell length) lose the ability to reburrow (Pholo
pears to harbor pea crabs 1964, Wendell et al. 1976). However, since most larger

of its range (Pearce 1965). clamslivedeepwithinthesediment(uptol m)theyare
ate host for the tapeworm, protected from most natural disturbances. Peak

sp., whose definitive host is the bat settlement for spat occurs in May in central California
IHaderlie andAbbott 1980). and probably Julyin Puget Sound (Woelke et al. 1971,

Clark et al. 1975).

amphi-North Reproduction
|(Bernard 1983, Wolotiraet al. 1989). In Mode: The Pacific gaper is gonochoristic, oviparous,

is found from Scammons Lagoon, and iteroparous. It isa broadcast spawner; eggs are
Columbia (Fitch 1953). fertilized externally (Quayle and Bourne 1972).
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Pacific gaper continued

Mating/SDawnina_: Spawning occurs year-round, (Polinicesspp.), Dungeness crab (Can
depending on geographical location. Spawning occurs bat ray (My/iobatus californica), leopard
during s~mmer in northern regions such as British semifasciata), starry flounder (Platicht~
Columbia and Puget Sound (Quayle and Bourne 1972, sea stars (Pisaster spp.), and sea ot~
Cheney and Mumford 1986). Spawning occurs from lutris) (Talent 1976, Haderlie and Abbot
spdng to fall for much of California (Frey 1971), and et al. 1988). Many planktivorous orgar
year-round in central California, with a peak from Pacific gaper eggs and larvae.
Februaryto Aprilwhen temperatures are lowest (Laurent
1971, Clark et al. 1975, Haderlie and Abbott 1980, Factors Influencing PoDulations: Sea o
Ricketts etal. 1985). Thewide dailywatertemperature feed in areas where Pacific gaper den~
fluctuations in central California may explain the and composedof small individuals una
occurrence of year-round spawning (Clark et al. 1975). deeply because of sediment characteris

al. 1988); large Pacific gapers in soft s
Fecundity: Unknown. resistant to sea otter predation. The Paci

compete with T. capax, however T. c,
Growth and Development common in gravel-shell soils whereas
EgO Size and Embry_ onic DeveloDment: Egg size is more common in pure sand substrate
unknown, however, embryonicdevelopmentisindirect Finucane 1951, Quayle and Bourne 197
and external (Wolotira et al. 1989). al. 1989). The Pacific gaper also burrow.

T. capax and thus avoidstemporaryfreezi
Age and Siz~ Qf Larva~: Larvae are probably 0.06-0.28 (Quayle and Bourne 1972, Haderlie and,
mm in diameter (Bourne and Smith 1972). In Elkhorn No information is available concerning rr
Slough, California, the duration of the larval stage is but very high mortality rates probably
estimated to be 21-30 days (Clark et al. 1975). Spat larval and early juvenile stages, becorr
require ten days to grow to 2 mm, and 25 days to grow clams mature (Wolotira et al. 1989). Ar
to 5 mm (Clark et al. 1975). recruitment varies widely and probably

effect on the population structure (Clark
Juvenile Size Range: Juveniles are 0.26 mm to 51.0-
71.0 mm in diameter; small clams (4 mm) grow 0.25 References
mm/day (Frey 1971, Bourne and Smith 1972, Haderlie
and Abbott1980). One-year-old clams average 50 mm Bernard, F. R. 1983. Catalogue ofthe li
in shell length (Clark et al. 1975, Haderlie and Abbott of the eastern Pacific Ocean: Bering S
1980). Horn. Can. Spec. Fish. Aquat. Sci. 61, ".

Age and Size of Adults: This species matures in about Bourne, N., and D. W. Smith: 1972.
two years and between 51.0-70.0 mm shell length temperature on the larval development
(Frey 1971, Clark et al. 1975, Haderlie and Abbott clam, Tresus capax (Gould)~ Proc. N
1980). The Pacific gaper may live to 17 years, with a Assoc. 62:35-46.
shell length as great, as 200 mm (Frey 1971, Wolotira
et al. 1989). Cheney, D. P., and T. F. Mumford, Jr. 19

and seaweed harvests of Puget Sound.
Food and Feeding Grant, Univ. Wash. Press, Seattle, WA,
Tro_Dhic Mode: This species is a suspension/filterfeeder.
Food particles are transported via the inhalant siphon Clark, P., J. Nybakken, and L. Laurent. 1 .~
and are filtered from the water bythe gills, sorted bythe of the life history of Tresus nuttallii in Elk
palps, and passed to the mouth. Calif. Fish Game 6(4):215-227.

Food Items: Food items include suspended diatoms, Fitch,J. E. 1953. Common marine bivalve~
flagellates, dinoflagellates, and detritus. Detritus may Calif. Fish Game, Fish Bull. 90, 102 p.
include particles of eelgrass (Zostera marina) (Stout
1967, Haderlie and Abbott 1980). Frey, H.W. 1971. California’s living mad~

and their utilization. Calif. Dept. F
Biological Interactions Sacramento, CA, 148 p.
Predation: Predators include those that prey on T.
capax, especiallyworms, snails, crustaceans, fish, and
mammals. Common predators include moon snails
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Pacific gaper continued

Shaul. 1978. Puget Sound Swan, E. F., and J. H. Finucane. 1951. Observations
survey data. Prog. Rep. 44, on the genus Schizothaerus. Nautilus 66(1):19-26.

~Olympia, WA, 92 p.
Talent, L. G. 1976. Food habits of the leopard shark,

~nd D. P. Abbott. 1980. Bivalvia: The Triakis semifasciata, in Elkhorn Slough, Monterey Bay,
In R. H. Morris, D. P. Abbott, and E. California. Calif. Fish Game 62(4):286-298.

Intertidal invertebrates of
1. Stanford Univ. Press, Stanford, Wendell, F., J. D. DeMartini, P. Dinnel, and J. Siecke.

1976. The ecology of the gaper or horse clam, Tresus
capax (Gould 1850) (Bivalvia: Mactridae)in Humboldt

. KI Fukayama, B. S. Anderson, and B. Bay, California. Calif. Fish Game 62(1):41-64.
Sea otter foraging on deep-bu rrowing

California coastal lagoon. Mar. Biol. Woelke, C., T. Schink, E. Sanborn, and W. Hoffman.
1971. Bivalve embryo bioassays of marine waters
from Drayton Harbor to Hale Passage. Wash. Dept.

1971. The spawning cycle and juvenile Fish., Unpubl. Rep. to Atlantic Richfield Co., Olympia,
the gaper clam, Tresus nuttallii, of WA, 18 p.
California. M.A. Thesis, San Francisco

San Francisco, CA, 55 p. Wolotira, R. J., Jr., M. J. Allen, T. M. Sample, C. R. Iten,
S. F. Noel, and R. L. Henry. 1989. Life history and

Institute of Washington. 1981. Clam harvest summaries for selected invertebrate species
harvesting industries in Washington State. occurring off the west coast of North America. Volume

~m. Wash., Seattle, WA, various 1: Shelled molluscs. NOAA Tech. Memo. NMFS F/
NWC-160, 177 p.

)65. On the distribution of Tresus
Tresus capax in the waters of Puget
)San Juan Archipelago. Veliger 7(3):’166-

Ontogenetic changes of form and
Tresus nuttallii (Bivalvia: Mactridae).

.(3):321-330. -

,and N. Bourne. 1972. The clam
Bdtish Columbia. Fish. Res. Board Can.,

Calvin, J. W. Hedgpeth, and D. W.
Pacific tides. Stanford Univ.

652 p.

McGraw, and K. K. Chew. 1983.
Wash. Sea Grant, Univ.

72 p.

Digest of California commercial
1, 1986. Calif. Dept. Fish Game,
p.

A study of the autecology of the
Tresus capax and Tresus nuttallii in

California. M.A. Thesis, Humboldt
CA, 51 p.

33

C--044861
(3-044861



Tagelus californianus
Adult

5cm

Common Name: California jackknife clam Tijuana estuary to Morro Bay, California; it is ~
Scientific Name: Tagelus californianus common north of Monterey Bay, California (Tabl~
Other Common Names: California short razor, short (Fitch 1953, Haderlie and Abbott 1980, Seapy 198
razor clam, jackknife clam, razor clam (Gates and Frey
1974) Life Mode
Classification (Bernard 1983) Eggs and larvae are planktonic. Juveniles and adt
Phylum: Mollusca are benthic infauna of bays, estuaries, or lagoo~
Class: Bivalvia Juveniles and adults live in a permanent, nonmuco~
Order: Veneroida lined, vertical burrow 10-50 cm deepin which they c
Family: Psammobiidae readily move up and down (Fitch 1953, Meink(

1981).
Value
Commercial: This species is commercially dug for use Habitat
as fish bait (Fitch 1953). Harvest began in 1962 and ~IZ~: Eggs and larvae are estuarine-neritic. Adt
during the mid-1970s harvests averaged about 6 t/year and juveniles are common near mean low tide wh(
(Wolotira et al. 1989). sediments are appropriate (Seapy and Kitting 19’

Merino 1981). Adults and juveniles inhabit sand, m)
Recreational: Although edible, it is most often used as or muddy sand flats near the low tide level in ba
fish bait (Fitch 1953, Meinkoth 1981 ). sloughs, and estuaries (Fitch 1953, Smith and Carll

1975, Meinkoth 1981 ). This species reportedly occ~
Indicator of Environmental Stress: High temperatures from +0.2 to -0.5 m mean tide level (Wolotira et
(e.g., thermal effluent from power plants) can adversely 1989), but does not occur above mean sea level in $
affect populations (Merino 1981). Diego Bay (Merino 1981 ). The bays and lagoons t

species inhabits are euhaline on an annual basis.
Ecological:TheCaliforniajackknifeclamisanumerically low intertidal substrates, it is commonly associal
important bivalve species in southern California bays withthe rosy jackknife (Solen rosaceus) (Merino 198
and lagoons.

.~ubstrate: The California jackknife clam pref(
Range sediments having some silts and clays (2-15%), ~
~: This species’ overall range is from Cape San cannot burrow into sediments that are compo.~
Lucas, Baja California to Cape Blanco, Oregon (Fitch primarily of sand (Merino 1981 ).
1953, Meinkoth 1981, Wolotira et al. 1989). Its recorded
presence off Panama is probably not accurate (Wolotira Physical/Chemical Characteristics: This species
et al. 1989). found in mesohaline-euhaline waters where wa

temperatures range from 9 to 30°C (Bernard 198
_Within Study Ar~: It is common to abundant from Temperatures >35°C cause adult mortality. In $
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California jackknife clam continued

species is unknown, however, spawning occurs
,.1. Relative abundance of California intertidally during high tide. Eggs and sperm are

jackknife clam in 32 U.S. Pacific coast released through the exhalant siphon. Based on the
estuaries, settlement of young, a peak spawning probably occurs

,~ ,~’~’           UfeStage in early spring (May-June recruitment), with some
Estuary - A S J L E spawning occurring year-round (Merino 1981).

li:!i::i~iiii iiiiiiiiii:il ii::i~:ii:~i! ii:ii:i!iii ili!iiiilRelative abundance:
::~ i.: Fecundity: Unknown.

O Common.................... ’ ................. Growth and DevelopmentGrays l-    ii!ii::ii:: ii::i::iiiii ::i:.iii;::.;i ;?::i!i: ii:,i:,i:,i::i~ Rare
Blank Not present E_O_O Size and Embwonic DeveloDment: Unknown, but

Co=u~nb~aR~ver .embryonic development is probably indirect and
Nehalern Bay external.
Tillarnook Bay    I ! Life stage:

A-,~u~t, Aae and Size of Larvae: Unknown.
Siletz River

YaquinaBay iii::~i::il;i::i~iiiii!iiii!::iiiiiiii!i!i
L-Larvae Juvenile Size Ranae: The stout tagelus (TagelusE - Eggs                                           -

Alsea River i!iii::ii:i [::ii!ii!!i!i!!:i i:.i!ilill i!::!!iii.i !::!::iii::i:: plebius) is a congener, and has spat that settle out of
Siuslaw River the water column at 155-175 ~m in shell length (SL)
u.~ua River (Merino 1981). Clams average about 46 mm SL at 2.5

Coo~ Bay years (Merino 1981 ).
Rogue River

Klamath River :,::iiiii~::,.;:::i::!::i:’:::::: :.:..,::.::ii::i!:;i:’ i~i:ii!:~:: ii::i:.ii::iiAge and Sizeof Adults:TheCaliforniajackknife reachesHumboldt Bay iiii::!ii ’.;::i::!il iii:.i::i!:: iiiiiii!i! !iiiiliiii
maturity between 60 and 120 mm SL (Merino 1981 ).

Eel River i:iii::!:’" :i!i::ii!ii~i!ii!!i!i! i:ii:::i!iiiiiii :iii:i:iiii!ii Age and growth ofthis species has not been determined,fomales Bay !~i; ii~.! ii~i: :’ii~ii .i.~.i but it appears to reach reproductive size in 2-3 years
"~ "~ "Y’ "q’ "~ Includes CentralSan

South Sa. Fran. Bay F,a=~,~o, Sul,o., (Merino 1981 ). Ultimate age is unknown. Clams in San
ElkhornSlough ~/I ~/ ~/ ~/ "q

and San Pablo bays. Diego Bay average 72 mm SL and appearto be 5 years
Mor~oBay O O OOO old (Merino 1981).

s~. P~ro Bay ~,iI ~E ;~i .~i i~! Food and Feeding
A~am~o~ Bay ~ ’~:"~: :~. i~i Tr0phic Mode: This species is a suspension feeder,
~na~e=rn Bay ~ ~i ~ !~:: !~i although originally it was thought to be a deposit feeder
N~w~o, Ba~ O O O O O (Pohlo1966,HaderlieandAbbott1980). Whenfeeding,
M~,,~on B~ ~! ~ ~ ~ ~ it is located about 10 cm below the substratum surface

S~n D~e~o B.~ ~ ~ ~ ~ ~ and extends its two siphons into the water through
TijuanaEstuary~ (~] ~ ~ ~ separate openings (Haderlie and Abbott 1980). The

A s J L E siphon openings lay at the sediment-water interface.

Diego Bay, the clam’s upper lethal tolerance limit Food Items: The California jackknife clam feeds on
(LT50) was 35.5°C in December and 37.6°C in May phytoplankton, probably including diatoms,
(Merino 1981). Smaller sizes (23-46 mm) are more dinoflagellates, and other types of phytoplankton. Its
resistant to elevated temperatures (Merino 1981). diet may include suspended detrital particles and their

associated epifauna (Wolotira et al. 1989).
Migrations and Movements: Eggs and larvae are
dispersed by currents. Juveniles and adults migrate up Biological Interactions
and down in their burrow as the tide rises and falls Predation: Larvae probably are eaten by planktivorous
(Meinkoth1981)andwillrapidlydescendintheirburrows fishes and invertebrates. Newly-settled individuals
when disturbed, and juveniles are eaten by numerous fishes, including

diamond turbot (Hypsopsetta guttulata) (Lane 1975),
Reproduction stingrays (Dasyatis spp.), and other rays. Birds such
~: This species is gonochoristic, oviparous, and as stilts (Himantopus spp.), godwits (Limosa spp.),
iteroparous. It is a broadcast spawner; eggs are curlews ( Numenius spp.), and dowitchers
fertilized externally. (Limnodromus spp.), also prey on the California

jackknife clam (Merino 1981).
~: The exact spawning time for this
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Oalifomia jackknife clam continued

Factors Influencing Population~: Population densities Wolotira, R. J., Jr., M. J. Allen, T. M. Sample, C. ~
are influenced by tidal elevation, water temperature, S.F. Noel, and R. L. Henry. 1989. Life histor
sediment characteristics, recruitment, and mortality, harvest summaries for selected invertebrate Sl:
There are no indications that populations are controlled occurring off the west coast of North America. V~
by density-dependent interactions (Merino 1981). 1: shelled molluscs. NOAA Tech. Memo. NM

NWC-160, 177 p.
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Protothaca staminea
Adult

2 cm

Common Name: Pacific littleneck clam 1953). In California, up to 50 clams/day over 3.8 cr,
Scientific Name: Protothaca staminea diameter are all’owed (California Department of F
OtherCommonNames:TomalesBaycockle, common and Game 1987), while Oregon limits recreatio
littleneck, littleneck clam, ribbed carpet shell, common harvest to only 36/day. The Washington limit vaf
Pacific littleneck, native littleneck, rockcockle, hardshell, depending on the area (60/day or 10 Ib, 40/day or 7
rockclam, steamer, butter clam (Fitch 1953, Gates and 5 Ib/day) (Washington Department of Fisheries 19~
Frey 1974, Hancock et al. 1979) Clam diggers usually harvest this species at low t
Classification (Bernard 1983a) during daylight using rakes, trowels, and shovels (F
Phylum: Mollusca 1971 ).
Class: Bivalvia
Order: Veneroida Indicator of Environmental Stress: Habitat alteratk
Family: Veneridae (water pollution, marina construction, loss of habi

etc.) directly affect the abundance of this speci
Value Paralytic shellfish poisoning often closes clam bed,,
Commercial: The Pacific littleneck clam is usually sold. harvest for tempor.ary periods and contamination
fresh in the shell (Wolotira et al. 1989), but it is also sold coliform bacteria has permanently closed many art
frozen and canned (Paul and Feder 1976). It is (Cheney and Mumford 1986). Commercial landi~
harvested using rakes, shovels, and by mechanical from the U.S. Pacific Northwest (excluding Alas
and hydraulicdevices (Frey 1971, Schinketal. 1983, have decreased in recent years, while effort t
Cheney and Mumford 1986). Harvested from Prince increased (Chew and Ma 1987). This species is hig
William Sound, Alaska to southern California, this sensitive to copper and tri-n-butyltin (a paint additi
speciesconstitutesabout8%oftheentireclamharvest (Roesijadi 1980). Crude oil reduces this speci
alongthePacificcoastoftheUnitedStatesandCanada growth rate, but does not appear to be highly to~
(Wolotira et al. 1989). Most of this harvest comes from However, the addition of oil dispersants can alter cl
Washington and British Columbia. Most Pacific coast behavior deleteriously (Chew and Ma 1987).
waters are open year-round, but California waters are
closed to littleneck harvest from April tO August in Marin Ecological: This species is common to highly abund
County and from May to August for much of northern in many Pacific coast estuaries (Table 1.). It is
California (Schultze 1986)~ Because California important suspension feeder along protected gra\
commercial clammers are allowed only 50 clams/day mud beaches (Wolotira et al. 1989) and the m
over 3.8 cm diameter, the California commercial harvest important lower intertidal clam in Puget Sound (Koz
is limited. New aquaculture programs may increase 1983).
the production and harvest of this species.

Range
Recreational: The Pacific littleneck clam is highly Overall: This species may be distributed from Socc
esteemed for its good taste and ease of capture (Fitch Island, Mexico, around the North Pacific rim to
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Pacific littleneck clam continued

individuals are often found deeper than smaller ones
1. Relative abundance of Pacific littleneck (Fitch 1953, Quayle and Bourne 1972, Paul and Feder

" clam in 32 U.S. Pacific coast estuaries. 1973, Abbott 1974, Meinkoth 1981, Wolotira et al.
Life Stage 1989). ,

Estuary A S J L E
~ii i~::; i~i i~~: Relative abundance:, Habitat

HoodCanal ~i ;ii.~.=. ¯ Highly abundant ~..~: Eggs and larvae are estuarine-neritic. Adults
O Common and juveniles are found in coarse, sandy-rocky muds of

~ ~i .~i ~ i~ ~/ R~re bays, sloughs, and estuaries, and on the open coast
O O O O O Blank Not present where there is appropriate substrate and protection

ColumbIa River (Fitch 1953). It is often associated with butter clams
NehalemBay ¯ ¯ ¯ ¯ ¯ (Saxidomusgiganteus) (Paul and Feder 1976). The
TlllamookBay I~) ~) (~ I~ (~ Lifestage: Pacific littleneck clam is found intertidally down to 37 m

...................... S- Spawning adults (usually <10 m), but normally from -1.0 to 1.3 m mean
SiletzRiver ,ii:=ii!i:: .........=,:.:.:.:::!~!iii :.:.:+::i!~!iiii~i +:.~,=..i!i:iii~ i:;iii::i~:iJ-Juveniles lower low water (MLLW) (Chew and Ma 1987). It is

.....
L - LarvaeYaquina Bay ~: ~:i ~i i~ ii~ E- Eggs most abundant from the lower intertidal zone to 0.4 m

Alsea River :::i~ii ii!~ii i.~.i ii~!i iii~i above MLLW (Goodwin and Shaul 1978, BernardSiuslawaiver ~/’ q ~ ~/ q
1983a,.Wolotira et al. 1989).

Umpqua River

coos~ ¯ ¯ I ¯ ¯ Substrate: The Pacific littleneck clam prefers firm,
Rogue R{ver lay edi~;~,~;~: ~;.~:~ ~~,..;~ ... ~::;:~:~.gravel or c -gravel s ments, but occurs in sediments

Klamath River ;!:i..:’~ :~.;~i .i:i:i:!:i i.;:i: :;:.~:::!ranging from mud to cobble (Quayle and Bourne 1972,Humboldt Bay i~ i:~! :~i "i~: ’~i
Goodwin and Shau1197.8). Along the open coast it isEel River ;iiil;iiiil ii:~iiiiill ii!ii!ilil found in coarse sand, gravel and cobble near rock]’oma~ Bay i~i~ ~’ i~ ~ ~i
points and reefs or under large rocks (Fitch 1953).

"~/ "~/ q %/ "~/ Includes Central San

South San Fran. Bay ,~/ %/ ~/ ~/ .~/ Frandsco, Suisun,
-,dsa,~(obw,. Physical/Chemical Characteristics: It is found in

~o~roBa~ O O O O O mesohaline to euhaline waters and temperatures of
Santa MonicaBay i~:: C~!I:C~ ~: iQ

just below freezing to 25°C (Glude 1978, Bernard
San Pedro Bay i~ ~i !~i i~: ii~

1983a). Water temperatures above 25°C are lethal to
~m~tos Ba~ ~; ~: ~i ~’ ;~ larvae, and they can withstand 20°C only when salinity
Anaheim Bay :~i ~i:. i~, :~’ ::~

is near 32%° (Strathmann et al. 1987). This species
Newpo, Bay O O O O O may tolerate salinities as low as 20%0 for extended
Mission Bay ~ "~ ~/ ~ "~ periods (Quayle and Bourne 1972); however, it closes

s~ O~ego Ba~ ~ ~ ~ ~" ~/ its shell at very low salinities. Optimum conditions for
TlJuana Estuary (~ (~ ~} (~ (~ growth appearto be 12-18°C, 24-31%o salinity, and 15-

A S J L E 150 mg/I suspended food particles (Bernard 1983b).
Also, areas near strong tidal currents may enhance
growth (Chew and Ma 1987). Burial by decomposing

~rthern Sea of Japan (Wolotira et al. 1989). However, bark has been shown to reduce survival (likely due to
~ost authors show it distributed from Cape San Lucas, elevated levels of hydrogen sulfide and ammonia along
BajaCalifornia, to the Aleutian Islands, Alaska (Fitch withdecreasesindissolvedoxygen) (Freeseand O’Clair
!o~53,Schinketal. 1983, Cheney and Mumford1986). 1987). High turbidities (>2 g/I) may reduce larval
~.~, ~. survival (Glude 1978).
YYithin Study Area: It is found in most Pacific coast
estuaries where appropriate substrates and salinities Migration and Movements: Eggs and larvae are pelagic
exist. It is not found in the Columbia, Siletz, Umpqua, and dispersed by water currents. Veliger larvae move
and Rogue River estuaries of Oregon, or the Klamath, to the bottom after developing a foot. Herethey search
and Eel Riverestuaries in California (Table l ) (Monaco for an appropriate surface on which to settle, then
et al. 1990). undergo metamorphosis, and attach themselves to the
..... sediment surface by secreting byssal threads (Chew
Life Mode and Ma 1987). Very young clams probably first attach
Eggs andlarvae are pelagic, whilevery smallclams are in deeper waters and then move to shallow waters as
ePifaunal (Paul and Feder 1973). Juveniles and adults they grow (Chew and Ma 1987). Adults are sedentaryare benthic infauna and found in the upper 15-20 cm of and remain in thesame area for life, but a small juvenile
s..ediments (rarely deeper than 5-7 clam its foot to crawl toore). Larger can use new areas (Shaw
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Pacific littleneck clam continued

1986). Adults and juveniles can reburrow if they have et al. 1985, Cheney and Mumford 1986). British
been disturbed (Quayle and Bourne 1972). Columbia and Alaska clams are often not mature until

.their second or third year (Fraser and Smith 1928,

Reproduction
~ Quayle 1943, Nickerson 1977). This species may live

Mode: The Pacific littleneck clam is gonochoristic 13-16 years (Fraser and Smith 1928, Abbott 1974,
(although some hermaphroditism occurs), oviparous, Chew and Ma 1987). In California, many die before
iteroparous, and a broadcast spawner; eggs are reaching sexual maturity and rarely do they reach 7
fertilized externally(Frase~and Smith 1928, Frey 1971). years old (Schmidt and Warme 1969). Maximum size
Females may spawn several times during a season is about 8 cm SL (Quayle and Bourne 1972,
(Quayle and Bourne 1972). Oceanographic Institute of Washington 1981 ). Growth

rates vary widely, depending on substrate, clam

Mating/SDawning: Spawning occurs during spring and densities, tidal level, and geographic location (Chew
summerdepending onthe region:from March to August and Ma 1987). For example, they may grow to 37 mm
and sometimes later in Oregon estuaries (Robinson SL in 3.5-4 years in the Strait of Georgia (Cheney and
and Breese 1982); April to September in British Mumford1986), and take 6-8 years to reach 32 mm SL
Columbia; late spring to summer (April-July) in Puget in Alaska (Paul and Feder 1973, 1976, Ricketts et al.
Sound; late May to mid-June in Prince William Sound, 1985).
Alaska (Fraser and Smith 1928, Haderlie and Abbott
1980, Cheney and Mumford 1986, Strathmann et al. Food and Feeding
1987,Wolotiraetal. 1989). Itspawnsattemperatures Tr0phic Mode: The Pacific littleneck clam is a
of 5.6-13.6°C in Prince William Sound (Wolotira et al. nonselective suspension/filter feeder. It gathers food
1989), and begins spawning in south-central Alaska by sucking in water and food particles through the
when water temperatures are about 8°C (Chew and inhalant siphon. Particles are then filtered through the
Ma 1987). Dense algal suspensions may stimulate gills (ctenidia), and sorted by the palps before being
spawning (Robinson and Breese 1982). Optimum brought to the.mouth (Wolotira et al. 1989).
temperatures for rearing are 15-20°C (Strathmann et
al. 1987). Food Items: Larvae, juveniles, and adults feed on

phytoplankton, benthic diatoms, and detritus. The role

Fecundity: Unknown. of detritus in its diet is not well understood, but thought
to be important (Peterson 1982, Chew and Ma 1987,

Growth and Development Wolotira et al. 1989).
Egg Size and Embryonic Development: Eggs are
spherical and 0.06 mm in diameter (Wolotira et al. Biological Interactions
1989). Embryonicdevelopmentisindirectandexternal. Predation: Important predators of the Pacific littleneck
Fertilized eggs hatch to become free-swimming clam include: oyster drills (Ceratostoma spp. and
trochophore larvae in 10-12 hours; these transform Urosalpinx spp.), moon snails (Polinices spp.), and
into veliger larvae approximately 24 hours later (Quayle other gastropods, seastars(Pycnopodiahelianthoides,
and Bourne 1972, Schink et al. 1983, Chew and Ma Evasterias troschelli, and Ptsaster brevispinis), two-
1987). spotted octopus (Octopus bimaculatus), rock crabs

(Cancerspp.), and fishes (Chew and Ma 1987, Wolotira
Age and Size of Larvae: Larvae range from 0.06-0.25 et al. 1989). Rock crabs have the ability to identify
mm long (Quayle and Bourne 1972, Wolotira et al. foraging areas with high littleneck clam densities
1989).. The larval period lasts about three weeks, but (Boulding and Hay 1984). In Califomia lagoons, siphons
may be longer depending on water temperatures are nipped off by Pacific staghorn sculpin (Leptocottus
(Quayle and Bourne 1972, Cheney and Mumford 1986). armatus),diamondturbot(Hypsopsettaguttulata),and

California halibut (Para/ichthys cafifornicus) (Peterson

~l~venile Size Range: At settlement, juveniles are 0.26- and Quammen 1982). Sea otters (Enhydra lutris) are
0.28 mm in shell length (SL) (Quayle and Bourne majorpredators in Prince William Sound, Alaska(Chew
1972) and grow to 15-35 mm SL before maturity, and Ma 1987), and the Pacific littleneck clam is also
Growth varies depending on the region. In Prince eaten by ducks.and other birds (Schink et al. 1983,
William Sound, clamsare2mmSLattheendofthefirst Cheney and Mumford 1986).
growing season (Paul and Feder 1973).

Factors Influencing Populations: Recruitment (i.e.,
Age and Size of Adults: This species is usually sexually survival of the settling spat) is highly variable and is a
mature after 1.5 years (and at 15-35 mm SL), but this dominant factor determining population size (Paul and
depends upon location (Paul and Feder 1976, Ricketts Feder 1973, 1976). Many environmental conditions
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Pacific littleneck clam continued

successful settlement, such as temperature, Fraser, C. M., and G. M. Smith. 1928. Notes on the
°~dequate food supply, predation, currents, beach ecology ofthe littleneck clam, PaphiastamineaConrad.
topography, and appropriate substrate (Paul and Feder Trans. Roy. Soc. Can. 3(22):249-269..
1973, Peterson 1982). High siltation caused by uplandI development and construction of marinas can cause Freese, J. L., and C. E. O’Clair. 1987. Reduced
problems (Schink et al. 1983). Dredging has been survival and condition of the bivalves Protothaca
shown to’affect subtidal populations. For example, staminea and Mytilus edulis buried by decomposing

¯ mechanical clam haryesters may adversely affect bark. Mar. Env. Res. 23:49-64.
populations by suspending and depositing fine
sediments that can smotherclams (Schinketal. 1983). Frey, H.W. 1971. California living marine resources
Similarly, severe weather, often affects intertidal and their utilization. Calif. Dept. Fish Game,

I populations producing high freshwater run-off that Sacramento, CA, 148by p.
kills clams by covering them with sediment or washing
away sediments and exposing them (Cheney and GateS, D. E., and H. W. Frey. 1974. Designated

I Mumford1986). "Winterkills"causedbylowsalinities, common names of certain marine organisms of
Iowtemperatures, and microbialdiseasesmayoccurin California. Calif. Fish Game, Fish Bull. 161:55-90.
northern latitudes (Schink et al. 1983, Cheney and

I Mumford 1986). Glude, J. B. 1978. The clams genera Mercenaria,
Saxidomus, Protothaca, Tapes, Mya, Panopea, and
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Venerupis japonica
Adult

2 cm

Common Name: Manila clam recreational diggers because of its good taste an~
Scientific Name: Venerupisjaponica ease of capture (Chew 1989). It is one of the most
Other Common Names: Japanese cockle, Japanese important recreationally dug clams on the Pacific coast
littleneck, Manila cockle, Manila littleneck, Philippine (Wolotira et al. 1989). Clammers harvest Manila clams
cockle, steamer, asari (in Japan) (Cahn 1951, Chew year-round during low tide periods by hand or using a
1989) fork, pick, rake, shovel, or garden trowel (Frey 1971,
Classification (Bernard 1983a) Wolotira et al. 1989). It is so heavily harvested in some
Phylum: Mollusca areas of Puget Sound, Washington, that it has been
Class: Bivalvia almost eliminated (Williams 1980a). Sport harvesting
Order: Veneroida of this species does occur in San Francisco Bay,
Family: Veneridae California, despite the possibility of harvesting clams

contaminated by urban wastes and the lack of official
Value authorization (Nichols and Pamatmat 1988).
Commercial: The Manila clam is the second-most
important commercial clam species on the Pacific Indicator of Environmental Stress: The Manila clam is
coast of North America. It is primarily sold as a fresh highly tolerant of pollution (Fitch 1953) and it may
product. About 500 t have been landed annually in accumulatelargeamountsofpollutantsthatareharmful
Washington since 1975 (Schink et al. 1983, Chew to humans. Hence, many waters are closed to the
1989). Presently, only a limited commercial Manila harvest of this species due to urban waste water and
clam harvest exists in California or Oregon. Nearly all industrial contamination (primarily coliform bacteria).
Pacific coast commercial harvest ofthis species comes Only recently have limited areas in San Francisco Bay
from Washington and British Columbia. In Washington, been open for Manila clam harvest.
it is harvested year-round by diggers using forks,

’rakes, clam hacks, and hydraulic dredges (Wolotira et E;ological:The Manilaclamwas introduced accidentaily
al. 1989). This harvest occurs on private and state tide to the Pacific coast of North America probably around
lands, for which diggers pay a royalty or "stumpage the 1930s with Pacific oysters (Crassostrea gigas)
fee" according to the weight landed (Chew 1989). imported from Japan. Itwasfirst reported from British
Harvest of this species is often aligned with oyster Columbia in 1936 (Quayle 1938). It is often one of the
growers, who also participate in a Manila clam fishery most abundant bivalves in estuarine intertidal habitats,
(Chew 1989). Minimum commercial size is 38 mm and the dominant intertidal bivalve in San Francisco
shell length (SL) (Frey 1971, Wo.lotira et al. 1989). Bay (Frey 1971). Because its preferred distribution is
Becauseofstrongmarketdemandsandgoodbiological in the upper tidal zone, it is not believed to have
attributes, aquaculture ofthis species has been initiated displaced any native species (Bourne 1982). The.
(Anderson et al. 1982). Manila clam often occurs with Pacific littleneck clam

(Protothaca staminea), butter clam (Saxidomus
Recreational: This species is highly prized by giganteus), softshell (Mya arenaria), Macoma spP.
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Manila clam continued

1. Relative abundance of Manila clam
in some areas of San Francisco Bay, but not in other
California estuaries. Oregon has had little success

~ in32U.S. Pacific coastestuaries, with establishing and increasing Manila clam
Life Stage populations in the state’s estuaries. Aquaculture of this

Estuary    A S J L E species is presently being conducted in Humboldt Bay,
:~~ ,~i ~: ’"~ ~.~. Relative abundance: California, Puget Sound, and other estuaries.

Skagit Bay (~i :~:: i~Oi/:;0 :~Ji! (~ Abundant Life Mode
Grays Harbor ~ii !~ ~:ti~! ~i! O Common Eggs and larvae are pelagic. Juveniles and adults areRare
WillapaBay ¯ ¯ ¯ ¯ ¯ Blank Notpresent benthic infauna, occurring just below the sediment

Columbia River surface down to about 5 cm (sometimes to 10 cm)
N~halem Bay (Bourne 1982, Wolotira et al. 1989).
Tillamook Bay O O O o,�~. Life stage:

Net~ts Bay ~ii i~i O iO. O:; A-Adults Habitat............... S - Spawning adults
Siletz River i.lii!.;:ii!i !!ii::ii:ii! !!!iiii!:.i:: [i:!i!iiiii

:! !ii:.!iii!::J-Juveniles ~: It is found from the intertidal zone to depths of
Yaquina Bay,.iii~ii ..............

iii!iiiiii i~ii li!,, i:::i’ :: iiii!iii:.iE-L" L~rvaeEg0, about 10 m (Wolotira et al. 1989), but is primarily found
AlseaRiver i::i:~,:~i.:;!:il i!:!!i:iii:i:: i;:ii:iiii::i!t::!!’:iiii! iiii:!il;i:: at 0.9-2.4 m above mean lower low water (MLLW)

Siuslaw River (Quayle and Bou rne 1972). It is not found subtidally in
Umpqua River British Columbia (Bourne 1982).

Coos Bay O O O O O
RogueRiver Substrate: An ideal substrate appears to consist of

Klamath River :;:iii::!ii:: ’:i;:,!ii;i:!:~:I ii:::i:i:~::i i::’i:.:ii:ilil i!:;;,;:i! gravel (much of which is <25 mm in diameter), sand,
Humboldt Bay ~i

L+~ :+; + 1+" ;O; some mud (4-5%), and shell (Anderson et al. 1982).
Eel River !::iii!:iiiii i!iiiiiiii ::i!:ii::ii:~i f ii::i:iii!i iiii~iiiii!:i Beaches having this type of substrate are often relatively

~’or, ales Bay !~! i~ !~I~ i~i~: stable, and occur in many protected areas of Pacific
Cant. S~nFran, Bay* ¯ ¯ ¯ ¯ ¯ * IndudesCentra~San Northwest inlets and bays (Chew 1989). However,

Francisco, Suisun,South San Fran. Bay ¯ ¯ ¯ ¯ ¯ and San Fable b~ys. Manila clams can inhabit a wide range of substrates.
ElkhornSIough ~/ ~/ Dense concentrations of Manila clams have been

Morro Bay found in substrates ranging from primarily sand (Cahn
Banta Monic~ Bay ii!iiii~:iiiii~i;ii!i i~i:.:’i;:: !i;iliii 1951, Ohba 1959) to mud. Additions of pea gravel and

S~n Pedro Bay :;~+::: :~;:~:::~ small rock on Manila clam beds can enhance settlement
~im, Bay i!iiiiiil ;i:~i!ilili i!i;;il;i! (Chew 1989).

New~r~ Bay Physical/Chemical Characteristics: The Manila. clam is
M~en Ba found in mesohaline-euhaline waters (Haderlie and

Abbott 1980). Optimum salinities for larval development
are 20-30%o (Robinson and Breese 1984). Optimum

A S J L E temperatures for larval development are 23-25°C, but
they can withstand temperatures of 0-36°C (Cahn

clams, and other estuarine infauna (Wolotira et al. 1951, Robinson and Breese 1984). Optimum conditions
1989). Pinnotheridcrabs(PinnixafabaandP./ittora/is) for adult and juvenile growth are 28%o salinity (range of

~. are common commensals within the mantle cavity of 24-31%o), 16°C temperature (range of 13-21 °C), and a
.~:~Manila clams (Haderlie and Abbott 1980). food suspension density of 55 mg/I (ranges 10-135 mg/

i ~Range~;" I) (Bernard 1983b). Prolonged salinities below 10%o
are lethal (Bardach et al. 1972). Optimum tidal level

~ ~.~:TheManilaclamis_atropical-temperatewestern appears to be 1.5-2.5 m above MLLW (Quayle and
~. -~,Pacific species, originally found from the Philippines Bourne 1972, Glock and Chew 1979). Small clams do
::~tand China north along Japan to the southern Sea of notappeartogrowduringthewinterwhentemperatures

Okhotsk (Wolotira et al. 1989). It now occurs on are<10°C(Bardachetal. 1972, Glock1978, Williams
eastern Pacificshores from Elkhorn Slough, California 1980a). The Manila clam requires temperatures >14-
,to British Columbia (Fitch 1953), and is also found in 15°C formaturation, spawning, and larval development
:Hawaii (Morris 1966). (Holland and Chew 1974, Mann 1979, Bourne 1982).

Juvenile and adult clams require maximum summer
!YYithin Study Area: The Manila clam is abundant in temperatures greater than about 12°C to survive

G~:Washington estuaries, but is not commonly found in (Bourne 1982). Steeply-sloped beaches are not good
~,~.rnanyOregonestuaries (Table 1). Itishighlyabundant Manila clam habitat (Miller 1982, Chew 1989). Waves
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Manila clam continued

and watercurrents play a major role in regulating clam mature at 15 mm SL (Ko 1957, Holland and Chev
productivity. Currents remove waste, supply food and 1974). Growth rates vary. considerably amonc.
oxygen, distribute spat, and may redistribute young geographic iocations. One-year-oldclamsarereporte(
clams (Miller 1982, CIi-~ew 1989). to be 8 mm SL in Hokkaido, 18 mm SL in the Inland Se~

(Ohba 1959), 27 mm SL in southern Japan (Tanak~
Migrations and Movements: Larvae are carried by 1954), 24 mm SL in Hood Canal, Washington (Noshc
currents into appropriate areas for settlement, and Chew 1972), and 10-15 mm SL in the Strait o
Convergences and eddies often concentrate larvae. Georgia, British Columbia (Quayle and Bourne 1972)
Larvae attach a byssus thread to a pebble or shell Growth is also dependent upon the tidal level clam~
during settlement (Cahn 1951, Nosho 1971, Quayle inhabit, with growth often lower at higher tidal level~
and Bourne 1972). (Chew 1989). Clams take 16-22 months to reacl-

market size in Washington (Glock 1978), and about
Reproduction months in California (Frey 1971). However, they ma}
Mode: The Manila clam is gonochoristic, oviparous, need 3-4 years before reaching legal size in British,
and iteroparous. It is a broadcast spawner, expelling Columbia (Bourne 1982). Manila clams also grov~
gametes from the exhalant siphon; eggs are fertilized more slowly in overcrowded conditions (Hadedie ano
externally. Abbott 1980). The maximum age is probably 7-1(~

years (Frey 1971).
Mating/Spawning: In Japan, spawning occurs both in
the spring and autumn (Chew 1989). In Kasaoka, Food and Feeding
Japan the Manila clam spawns from early May to July Trophi~ Mode: The Manila clam is a nonselectiv~
and then again between early November and late suspension/filter feeder. Food particles are inhaleo
December (Chew 1989). Other Japanese studies with water through the inhalant siphon, trapped by the
reveal spawning times from early March to mid-M~.y gill, sorted by the palps, and passed to the mouth
and from late Octoberto early November (Yasuda et al. (Wolotira et al. 1989).
1945, Ko 1957). In Washington’s waters, the Manila
clam spawns once peryear, usually between May and Food Items: Food consists of suspended detritus and
September (typically peaking during June and July) phytoplankton.
(Nosho and Chew 1972, Holland and Chew 1974).
Spawning apparently does not take place at water Biological Interactions
temperatures below 15°C (Mann 1979). Predation: Important predators include:the moonsnails

(Polinicesspp.), rockcrabs (Cancerspp.), shore crabs,
Fecundity: Unknown. rock sole (Lepidopsetta bilineata), English sole

( Pleuronectes vetulus), starry flounder ( Platichthy~
Growth and Development stellatus), pile perch (Rhacochilus vacca), shiner perch
Egg Size and Embryonic Development: Eggs are (Cymatogaster aggregata), starfish (Pisaster spp.),
spherical and 0.06 mm in diameter (Wolotira et al. ducks, and scoters (Cahn 1951, Glude 1964, Bardach
1989). Embryonicdevelopmentisindirect and external, et al. 1972, Quayle and Bourne 1972, Anderson et al.

1982, Chew 1989). Nematodes and other meiofaunal
AgeandSizeofLarvae:Larvaerangefrom0.06mmto predators may prey heavily on newly-setting spat
0.19-0.24 mm in length (Wolotira et al. 1989). A (Williams 1980a).
ciliated, motile, trochophore larvae forms within 24-48
hours after fertilization at 13-16°C. The veliger needs Factors Influencing PoDulation~: Spat settlement areas
about 3-4weeks before metamorphosing to spat (setting are dependent on currents and substrates (Chew 1989).
juveniles) (Cahn 1951, Quayle and Bourne 1972, Wave damage, extreme temperatures, and siltation
Bourne 1982). The duration of larval stages is can adversely affect population sizes (Bardach et al.
dependentontemperatureandfoodavailability(Chew 1972, Chew 1989). Extreme substrate temperatures
1989). during winter and summer are potentially lethal (Chew

1989). High densities of adult clams may decrease the
Juvenile Size Range: At settlement, clams range from ability of spat to settle (Williams 1980a, 1980b). Most
0.190-0.235 mm SL (Williams 1978, 1980a), and reach mortality appears to occur within the first two months
15mmSL(range:12-20mm) beforebecomingsexually after settlement (Williams 1980a, 1980b). Losses of
mature (Ko 1957, Nosho and Chew 1972, Holland and newly settled spat are probably a result of predation,
Chew 1974, Wolotira et al. 1989). starvation, and climatic conditions. Because of good

market conditions, numerous aquaculture ventures
Age and Size of Adults: Some Manila clams may are being established or considered (Anderson et al.
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Manila clam continued

This species’ n~rthern distribution is probably (Deshayes) at Squaxin Island, Washington. Proc.
by cold water temperatures (Bourne 1982). Its Natl. Shellfish. Assoc. 69:15-20.
~ distribution may be limited by the high salinities

~ndsubstrate structure of southern California bays and Glude, J. B. 1964. The effect of scoter duck predation
~,~stuaries. Plastic netting placed on beaches improves on a clam population in Dabob Bay, Washington. Proc.
-~,~ettlement and growth (Glock 1978, Glock and Chew Natl. Shellfish. Assoc. 55:73-86.

1979). ’
~.,_ Haderlie, E. C., and D. P. Abbott. 1980. Bivalvia:The

ferences clams and allies. In R. H. Morris, D. P. Abbott, and E.
C. Haderlie (editors), Intertidal invertebrates of

,,,~,nderson, G.J., M. B. Miller, and K. K. Chew. 1982. A California, p.355-411. Stanford Univ. Press, Stanford,
~]uide to Manila.clam aquaculture in Puget Sound. CA.
-INash. Sea Grant, Univ. Wash., Seattle, WA, 45 p.

~, Holland, D. A., and K. K. Chew. 1974. Reproductive
~ardach, J. E., J. H. Ryther, and W. O. McLarney. cycle of the Manila clam (Venerupis japonica) from
~i972. Aquaculture - the farming and husbandry of Hood Canal, Washington. Proc. Natl. Shellfish. Assoc.
/treshwater and marine organisms. John Wiley and 64:53-58.

i O~ons, New York, NY, 868 p.
Ko, Y. 1957. Some histological notes on the gonads
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Manila clam continued
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Mya arenaria
Adult

2 cm

.~ommon Name: softshell Extension Service et al. 1976). In general, this species
Scientific Name: Myaarenaria is underutilized by sport diggers because of the
Other Common Names: soft clam, long clam, mud abundance of more desirable species.
clam, sand clam, common mya, nanninose, eastern
softshell clam, softshell clam, steamer clam, long- Indicator of Environmental Stress: The softshell often
necked clam, sand gaper (Fitch 1953, Gates and Frey occurs in estuarine areas where industrial and domestic
1974, Newell and Hidu 1986) pollution problems first occur andtheclams then become
Classification (Bernard 1983) unsafe to consume. Many areas (e.g., San Francisco
Phylum: Mollusca Bay, California) that have harvestable numbers of M.
Class: Bivalvia arenaria are presently closed to harvesting due to
Order: Myoida pollution. H~wever, this species is relatively tolerant of
Family: Myidae pollution. The softshell accumulates crude oil into its

lipid-containing tissues when oil is in low concentrations
Value (90-380 p.g oil/liter) (Fong 1976). It also concentrates
Commercial:The softshellis not as valuable as some heavy metals in its tissues. However, at water
other bivalves along the Pacific coast, but may be temperatures of 22.0°C and salinities of 30.0%0, the
underutilized in Washington. Over 181 t were following concentrations caused death in 50% of the
commercially harvested in Washington in 1985 testclamswithin96hours:copper,0.039mg/I;cadmium,
(Washington Department of Fisheries 1985). It has 0.850 mg/I; zinc, 5.2 mg/I; lead, 27.0 mg/I; manganese,
been estimated that 900 t could be harvested annually >300.0 mg/I; and nickel, >50.0 mg/I (Eisler !977).
in Skagit Bay and Port Susan, Washington (Cheney
and Mumford 1986). About 34 t were harvested in Ecological: The softshell was probably introduced to
Oregon in 1980, but in California this species has not the Pacific coast before 1874, perhaps in 1869 when
been harvested since about 1948 (Skinner 1962, Schink the first eastern oysters were introduced. However,
et al. 1983). The limited commercial harvest of this there is some evidence that softshell clams were once
species in Oregon and California occurs because of native to the Pacific coast (Porter 1974). This species
small population sizes (Oregon) and pollution iscommoninestuariesfromEIkhornSIough, Calif0rnia,
(California) (Schink et al. 1983). This species is toAlaska(Rickettsetal.1985),andmayhavecrowded
harvested primarily by hydraulic escalatordredge (Kyte out the native Macoma species in some areas of the
and Chew 1975 ). Pacific coast (Rudy and Rudy 1983).

Recreational:This is an important clam for sport diggers. Range
In some areas of Washington over 9.1 kg/day are Overall: In the Atlantic, it is found along the coast of
allowed to be dug per person (Washington Department North America from Labrador to Cape Hatteras, North
of Fisheries 1986). Oregon permits sport diggers to Carolina, and less commonly to South Carolina. In
harvest 36 clams/day (Oregon State University Europe, it occurs from northern Norway to the Bay of
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Softshell continued~

adults are benthic infauna.
T~bie 1. Relative abundance of so,shell in

32 U.S. Pacific coast estuaries. Habitat
Life Stage T_y_p_e~: The softshell is a true estuarine organism, with

Estuary    A S J L E all life stages occurring there. A eur~haline species, it
puget Sound ii~ ’ii~::i ~ i.~ i!~ Relative abundance: is found primarily in mesohaline and polyhaline water.
aoodOanal i!~i!i~i::~i~i~ ¯ Highly abundant Eggs and larvae are found in the estuarine and

Skagit Bay ii !i!~i iil iij iii~ (~ Abundant nearshore marine plankton, while juveniles and adults
~ra~ H~bor ii~ i~ i~ i~ ii~

0 Common
............... ~/ R~re Occur primarily in quiet estuarine mud flats that are

Willap~B~y (~ I~l~ I~} (~ Blank Notpresant near river mouths where low salinity occurs
Columbia River O! O O O O (Oceanographic Institute of Washington 1981, Newell

Nehalem Bay ¯ ¯ ¯ ¯ ¯ and Hidu 1986). Adults and juveniles are often most
TlllamookB~y (~!~)’1~ (~) (~ Ufestage: abundant in the upper mid-tidal zone [+l .8 to 0.6 feet

Nora,, Bay ii~ ii~i 18 i~ ii~ A- A~u~t, mean lower low water (MLLW)] (Cheney and Mumford..................... S - Spawning adultsSiletz River ii!i~i i!i.i~::.:: .i~i. !ii~i.i iii~!i J- auvani~e~ 1986), but they can occur down to approximately -5.5

........ may be found buried in sediments down to 25-30 cm
Sluslaw River ¯ ¯i ¯ ¯ ¯ (Haderlie and Abbott 1980, Abraham and Dillon 1986).
UmpquaRiver ¯!¯ ¯ ¯ ¯

coos ~y ¯ ¯ ¯ ¯ ¯ Substrate: Adults and juveniles prefer medium to soft
Rogue River substrates, consisting primarily of sand, compact c~ays,

Klamath River i!iiiiiiii iiiiiiii~i!ii:i i!i!iii!i !i!iiiiii;i iiiiiiiiii: . coarse gravel, a mixture of sand and mud, and gravel
Humboldt Bay ii~ ii~i .~ i~ ii~ and mud (Cheney and Mumford. 1986, Newell and Hidu

Eel River ii~ i~! ;i~: i~ ii~ 1986). However, they are often found in thick, darkTornales Bay i~ ii~ii ~ ii~ ii~ mud (Haderlie and Abbott 1980) that may consist of up
Cent. SanFran. Bay* O ~ ~ I~) (~ * IncludesCentralSanF,~=.e,~,u,, to 50% silt (Abraham and Dillon 1986). Adults and
~Bay (~~ ~] ~] ~] and San Pablo bays, juveniles cannot burrow or maintain themselves in

EIkhorn Slough O el O O O shifting substrates (Ricketts et al. 1985). Growth rates
~orro B~y V ..~...I ’/ V ~t andshellformaredependentonthesubstratepropertiesSanta Montca Bay

ii ii iii}iii!i!!::!i!!!ii!i
(NewellandHidu1982).

Alamlto, Bay !i!!i! iiiiiiiiiiil ii:!iii!iiii ,iiiiiii: iiiiiiiiii: Physical/Chemical Characteristics: The softshell is aAnaheim Bay iiii!i! !iiiiii~ii ii!iiiiiii iiiiiiiii: i!!!iiiii eu ryhaline species. Adults can tolerate salinities down
New,criSpy to 5%0, but larvae are more sensitive to low salinities~=~=on sa~, (Newell and Hidu 1986). Adult clams on the Atlantic

San Diego Bay coast have preferred salinities that decrease north to
TI]uana Estuary

south (Newell and Hidu 1986); it is not known if this is
A S J L E trueforPacificcoastpopulations. Juvenileclamsalinity

tolerances are related to size; larger juveniles can
France. In the eastern Pacific, it occurs from withstand lower salinities. The ability to withstand

Bay(maybe San Diego), California, through extremely low salinities is inversely related to
1967, Paul and Feder 1976, Rudy and temperature. Temperature also controls timing of

Abraham and Dillon 1986), and is also spawning and influences distribution. The northern
~. along the western Pacific coast from the rangeofM.arenariaislimitedbytemperaturestoolow
~Kamchatka Peninsulatothe southern Japanese islands for spawning, while southern distribution is limited by
~(_Hanks 1963). It is apparently still extending its range high temperatures (Laursen 1966). Temperatures
.~las seen by its expansion into the Black Sea (Ivanov above 28°C can affect its distribution and abundance
/,~1969, Porter 1974) (Newell and Hidu 1986). However, it can withstand~ temperatures down to at least-1.7°C (Newell and Hidu
~within Studv Area" The softshell is commonly found 1986). The softshell clam can function as a facultative
. ,from Elkhorn Slough, California, north through anaerobe at lowtide (Collip1920), surviving anaerobic

, ’ ~Washington’s estuaries (Table 1) (Haderlie and Abbott conditions longer at lower temperatures (Newell and
11980, Kozloff 1983, Ricketts et al. 1985). Hidu 1986). Spawning temperatures depend on latitude
--¯ ~:~ ~’ and location, ranging from about 4°C to 22°C. Spawning
¯ :;~Life Mode . on the Pacific coast appears to occur at temperatures

~ larval stages are planktonic; juveniles and between 10 and 15°C (Simel 1980). This species
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Softshell continued

prefers to orient its siphon perpendicular to the principal on temperatu re, before transforming into a spat, w~
component of water currents (Vincent et al. 1988). has a muscular foot, byssal gland, no velum, ~

settles out of the water column (Abraham and Di
Migrations andMovements:Planktoniceggsandlarvae 1986). Initially, veliger larvae are about 80 ~n
are dispersed by waves and currents. Newly- diameter and most metamorphose to spat soon ~
metamorphosed spat may spend 2-5 weeks floating reaching 200 ~m (Loosanoff et al. 1966).
and crawling. During this time, the spat uses abyssal
thread to hold ontovarious substrates, such as eelgrass Juvenile Size Range: Juveniles grow from 0.2 mm s
(Zostera spp.), filamentous algae, and other objects, length (SL) (newly-settled spat) upto 25.0-45.0 mn
Eventually the spat finds a favorable location where it before maturing (Porter 1974).
drops to the bottom and burrows into the sediment.
Initially spat settle primarily in lower intertidal and Age and Size of Adults: The softshell may re
subtidal areas, but as they grow they may move maturity at one year and 27-34 mm SL (Brosseau
shoreward. This shoreward movement is believed to Baglivo 1988); adults may reach commercial size,
be caused primarily by shoaling wave sorting 75 mm SL) in 2-3 years in Washington (Oceanogral
(Matthiessen 1961, Newell and Hidu 1986). Clams up Institute of Washington 1981, Cheney and Mum
to 12-13 mm in diameter will wander (Smith 1955), 1986), but may reach this size earlier in Oregon
while larger clams are sedentary. California. Growth is slower during winter and fa

during early spring and summer, but is modifiec
Reproduction sediment type, tidal level, population densities,
Mode: The softshell clam is gonochoristic (but some food abundance (Newell and Hidu 1986, Brouss
hermaphroditism has been reported), oviparous, and and Baglivo 1987). Softshells have been report~
iteroparous. It is a broadcast spawner; eggs are live upto 28years (MacDonald and Thomas 1980)
fertilized externally (Porter 1974, Brousseau 1978, 10-12yearsismorelikelythemaximumage(Brous~
Brousseau 1987). 1978, Brousseau and Baglivo 1987).

Mating/S.~awning:Thereareonlytwopublishedrecords Food and Feeding
of softshell spawning times on the Pacific coast; one Trophic Mode: Larvae, juveniles, and adults
from Skagit Bay, Washington (Porter 1974) and the planktivorous filter feeders, trapping and inge~
other from Humboldt Bay, California (Simel 1980). food particles via mucus on the gill tissues.
Similar to northern Atlantic coast populations (Ropes
and Stickney 1965, Brousseau 1987), M. arenaria in Food Items:Trochophoresfeedonvarioussusper
Skagit Bay spawns one time between May and particles, whileveligersfeedprimarilyonphytoplanl
September, peaking in June or July (Porter 1974). In Adults and juveniles preferflagellates and diatom~
Humboldt Bay, it appears to spawn at the peak of bacteria,dissolvedorganicmaterial, andorganicde"
phytoplankton abundance from late March through are also fed upon (Abraham and Dillon 1986, N~
April (Simel 1980). Males normally spawn first, and Hidu 1986).
producing both pheromones and sperm which stimulate
females to spawn (Newell and Hidu 1986). Biological Interactions

Predation: Veligers are important prey for many sp~
Fecundity: Fecundity has been reported to be 3 million of larval fish. Jellyfish, combjellies (Holland ~
eggsperfemaleperyear, but may actually be120,000 1980), and fish are efficient predators of soft
to1,000,000(Brousseau1978,NewellandHidu1986), larvae. Important predators of spat and juve

include birds, fish, shrimp, polychaetes, crabs, s~
Growth and Development and flatworms. Important predators of adults in(
Egg Size and Embryonic Development:When released raccoons (Procyon Iotor) and otters (Enhydra lu~
into seawater, eggs are spherical and about 66 ~m in ,
diameter (Newell and Hidu 1986). Embryonic F.actorslnfluencingPopulations:Lessthan0.1%~
development is indirect and external. Fertilized eggs eggs produced during a spawning season succes
may take 12 hours to develop into the trocophore (a settle, but only 1% of the settled spat need to mat~
top-shapedciliatedlarvae), maintain populations (Newell and Hidu 1~.

Extremely high densities of spat settlement have
Age and Size of Larvae: The trochophore takes 24-36 observed, but densities are quickly reduced, p~oi
hours to develop into a veliger, which has calcareous due to predation. First year survivorship rates r~
valves and stays in the water column by its ciliated from 24 million to 420 million at two Atlantic coasl
velum. The veliger stage may last 2-6 weeks, depending (Brousseau and Baglivo 1988). Alterations of estL
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Softshell continued

habitats adversely affect populations. Municipal Fong, W. C. 1976. Uptake and retention of Kuwait
sewage, industrial effluent, and estuarine development crude oil and its effects on oxygen uptake by the soft-
projects (e.g., dredging, pier and jetty construction) shell clam, Mya arenaria. J. Fish. Res. Board Can.
may all reduce softshell clam populations. 33:2774-2780.
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Panopea abrupta
Adult

5 cm

Common Name: geoduck are harvested year-round, but primarily during spring
Scientific Name: Panopeaabrupta and summer (Wolotira et al. 1989). Meat quality
Other Common Names: Pacific geoduck, giant appearstobecorrelatedwithsubstratetype;geoducks
panopaea, geoduc, gweduc, king clam, gooey-duck growing in coarse substrates produce a better quality
(Gates and Frey 1974, Wolotira et al. 1989) product (Goodwin and Pease 1987). The Washington
Classification (Bernard 1983) commercial geoduck industry pays a royalty fee which
Phylum: Mollusca supports a geoduck hatchery that raises cultured
Class: Bivalvia juveniles to seed harvested bess. Geoducks must be
Order: Myoida processed within 24 hours after harvesting or they
Family: Hiatellidae gape, lose water and body fluids, die, and the meat

dries out (Schink et al. 1983).
Value
Commercial: The geoduck was not commercially Becreational: This species is recreationally harvested
harvested until 1970 (Wolotira et al. 1989), but it now from British Columbia to California, but is particularly
supports the largest clam fishery on the Pacific coast of important in Washington (Schink et al. 1983). Because
North America (Schink et al. 1983). It is commercially the geoduck lives deep within the sediment, shovels

,,. harvested from Alaska to Washington, but primarily and open-ended tubes are used to dig them. It is
from southern British Columbia, Puget Sound, and harvested year-round, usuallydudngverylowtideson
Hood Canal, Washington. In 1977, 3,900 t were intertidalflats. However, asmallnumberareharvested
harvested from Washington State’s subtidal areas, by sport divers (Goodwin and Shau11984).
The industry is now limited to below the optimum
sustained yield quota of about 2.25 t per year (Schink Indicator of Environmental Stress: Geoduck beds may
et al. 1983, Goodwin and Shaul 1984, Cheney and be closed to harvesting because of coliform bacteria
Mumford 1986). Geoduck neck meat is sold in Japan, contamination. Beds may also be temporarily closed
Taiwan, and within the U.S.; body meat is sold primarily because of paralytic shellfish poisoning, however, this

: in California and on the U.S. Atlantic coast (Cheney has not been a significant problem in Puget Sound.
~ and Mumford 1986). Geoduck harvests are worth Many productive subtidal clam beds in Puget Sound

about $2.4 million annuallyto U.S. fishermen (Wolotira are closed to shellfish harvesting because of industrial
et al. 1989). This species is harvested by divers during and municipal pollution (Schink et al. 1983). Little is
daylight using hand-held, high-pressure water jets. known about this species’ ability to concentrate heavy
Most harvesting is in depths <18.3 m because diving metals, pesticides, and other chemicals (Goodwin and
time is limited in deeper water (Schink et al. 1983). In Pease 1989).
Washington, subtidal tracts are leased from the state.
Tracts are required to be >182 m away from the mean .Ecological: This is the largest burrowing bivalve on the

~ high-water line and have depths >5.5 m below mean Pacific coast of North America. The geoduck is very
Iowerlowwater (MLLW) (Schinket al. 1983). Geoducks abundant in subtidal areas of Puget Sound and British
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Geoduck continued

Washington (Table 1 ). It is not found in coastal estuaries
1. Relative abundance of geoduck in of Washington and Oregon except for Netarts Bay,

. 32 U.S. Pacific coast estuaries. Oregon, where some are harvested. It is not found or
Life Stage is rare in California’s estuaries, except for Morro Bay

Estuary    A S J L .E!i~ where it is common (Marriage 1954, Haderlie and
Puget,Sound ~],’t,~’,~,’~ ,(~] . Relative abundance: Abbott 1980, Maclntyre et al. 1986).

.... !:.’:: "~:E:i.i’i:q Rare ’Eggs and larvae are pelagic. Juveniles and adults are
Willap~Bay Blank Notpresent benthic infauna, burrowing to depths of 100 cm

~- columbia River (Goodwin et al. 1979, Haderlie and Abbott 1980).
Nehalem Bay
fillamook Bay :~ ......

~I
Ufe stage: Habitat

L_
Notarts Bay if,:. !i!~:i :i~! i:~i i...:;::i A-Adults

_T...V.~: The geoduck is found intertidally to depths of at
!i ii!i~.; ii:!il i least 110 m in bays, sloughs, and estuaries (Goodwin

...................... E-Eggs 1973a, Bernard 1983, Goodwin and Pease 1987,

Siuslaw River only subtidally at depths from 4.5-12.0 m (Wolotira et
umpqua River al. 1989): This species is most abundant between 9.1

coos Bay and 18.2 m below MLLW (Goodwin 1973a). The length
Rogue River and weight of geoducks decreases with depths between

substrates ranging from soft mud to pea gravel, but
cont. SanFran. Bay* Includes Centralsan primarily in stable mud or sand bottoms (Goodwin
~ San Fran. Bay Francisco, Suisun,

and San Pablo bays. 1973a, Goodwin and Pease 1987). It is often associatedElkhorn Slough with the sea pen (Ptilosarcusgumey/) and polychaete
MorroBay (:::] O O O O tubes (Cox 1979). Polychaete tubes of

Santa Monica Bay ;i!::::::ii:.i Spiochaetopeterus costarum, Phyllochaetopeterus
San Pedro Bay :i~:!! :~;’.: ":~i ;~t: ~

"prolifica, and Diopatraomata, arepreferred attachment

Newport Bay Physical/Chemical Characteristics: This species isMission Bay fou-nd in areas wh ere water temperatures range from 3-
San o~oga Bay 20°C (Bernard 1983). Eggs and larvae are found in
TiJuana Estuary

polyhaline-eu haline waters ranging from 22.0-35.0%o;
A S J L E optimum is 27.5-32.5%o (Goodwin !973b). Juveniles

and adults occur in mesohaline-euhaline waters (5.0-
Columbia and it often dominatesthe biomassofbenthic 35.0%0), but prefer salinities above 25.0%0 (Andersen

infaunacommunitiesthere(CheneyandMumford1986, 1971, Goodwin 1976). Optimum spawning
.~GoodwinandPease1989). A conservative population temperatures are 12-14°C, but spawning occurs in
~-estimate of 117.6 million geoducks was made for temperatures from 8-16°C (Goodwin 1976). The best
~-...~,799 acres of subtidal beds surveyed in Puget Sound temperature for larval survival is between 6 and 16°C

~=n 1977 (Cheney and Mumford 1986). (Goodwin 1973b)..Although juveniles and adults
i : ~,~ withstand air temperatures of 0-25°C, they are only

~Range found in areas where water temperatures during the
.~Le,.r.~: This is a temperate amphi-North Pacific spawning period (April to July) are not above 16°C

~ species, found from Kyushu to Hokkaido lslands, Japan, (Andersen 1971, Goodwin 1973b, 1976).
~ and in the northeast Pacific from southeast Alaska to
~Baja California (Scammons LagoOn), and also in the Migrationsand Movements: Planktoniceggsandlarvae
,=’~northern Gulf of California (Fitch 1953, Haderlie and are dispersed by water currents. Bottom-dwelling

1989). post-larvae . active crawlers(Goodwin        et al.    1979).I Abbott 1980, Bernard 1983, Wolotira et al. are
-~... Newly-settledjuvenilesremainatornearthesediment

¯ ~tg.~Ly..~: The geoduck is common to abundant surface untilthey grow to 15 mm shell length (SL),then

,l~~i.- ~     t Bay, Puget Sound, and Hood Canal, their siphons begin to lengthen. Once siphons are
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Geoduck continued

elongatedandwell-developed,juvenilesbegintoburrow Age and Size of Adults: In Puget Sound, most males
deeply (Strathmann et al. 1987). Juvenile and adults mature in three years at 60-100 mm SL; females
are sedentary infauna,~remaining in the area where mature in four years at 100-120 mm SL (Andersen
they initially burrowed. 1971). In British Columbia, maturity may be reachedin

5-7 years (Sloan and Robinson 1984, Wolotira et al.
Reproduction 1989). During the first four years they grow rapidly, but
Mode: The geoduck is gonochoristic, oviparous, and a older, large clams (>100 mm SL) grow little if at all
broadcast spawner; eggs are fertilized externally. It is (Andersen 1971, Goodwin 1973a, 1976, Shaul and
iteroparous and a batch spawner with one spawning Goodwin 1982, Breen and Shields 1983). In general,
period per year (Andersen 1971, Goodwin 1973a, this is a very long-lived and slow-growing species, but
Goodwin et al. 1979). growth can be highly variable. Depending on geographic

area, geoducks may reach 75 mm SL in 2-8 years
Mating/Spawning: In Hood Canal and Puget Sound, (Goodwin and Shaul 1984). In most areas in Puget
spawning occurs from April to July (primarily from May Sound and British Columbia, it reaches 0.9 kg (market
to June) (Goodwin 1973a, 1976, Strathmann et al. size) in 8 to 10 years (Cheney and Mumford 1986,
1987). In British Columbia, the geoduck spawns Wolotira et al. 1989). The oldest individuals are about
primarily from Juneto July (Sloan and Robinson 1984). 146 years old. Maximum size and weight is 230 mm SL
It is stimulated to spawn by increasing water .and 9.1 kg, but most weigh <4.5 kg (Oceanographic
temperatures, the presence of geoduck sperm in the Institute of Washington 1981, Kozloff 1983, Wolotira et
water, and (at least in hatchery situations) by increased al. 1989).
algae concentrations (Goodwin 1973b, Wolotira et al.
1989). When it spawns, both eggs and sperm are Food and Feeding
expelled from the exhalant siphon continuously for Trophic Mode: This species is a suspension/filter-
several minutes or up to an hour (Goodwin et al. 1979). feeding planktivore. Larvae, juveniles, and adults feed

by filtering food particles from seawater with their gills.
Fecundity: A female can release 7.5-20.0 million eggs Post-larval geoducks may also feed on substrate
during a single spawning; hatchery stock have been deposits (Goodwin and Pease 1989).
induced to spawn again if returned to cooler water.
(Goodwin et al. 1979). Although reproductive output is Food Items: Larvae have been successfully reared on
high, recruitment(i.e., settlement of larvae and survival the following algae species: Pavlovalutheri, Isochrysis
of young) is usually erratic or low (Good.win et al. 1979). galbana, Pseudoisochrysisparadoxa, Phaeodactylum

tricornutum, Monochrysis lutheri, Chaetoceros
Growth and Development calcitrans, and Thalassiosira pseudonona (Goodwin
Egg Size and Embryonic D~veloDment: Eggs are 1973a, Goodwin et al. 1979, Strathmann et al. 1987).
spherical and 0.082 mm (Goodwin et al. 1979). Larvae, juveniles, and adults feed on various
Embryonic development is indirect and external, phytoplankton and suspended detritus.

Age and Size of Larvae: Larval size ranges are 0.11- Biological Interactions
0.40 mm (pelagic larvae) and 0.40-0.80 mm (epibenthic Predation: Important predators of small juveniles include
post-larvae) (Goodwin et al. 1979). At 14°C, larval northern moon snail (Polinices lewisil), coonstriped
growth is as follows: at 48 hr, straight-hinge larvae shrimp (Pandalus danae), rock crabs (Cancerspp.),
develops; at 6 days, veligers are 0.120 x 0.105 mm; at English sole (Parophrys vetulus), rock sole
10 days, veligers are 0.150 x 0.125 mm. Settlement (Lepidopsetta bflineata), sand sole (Psettichthys
occurs at 30 days at 17.6°C, and 47 days at 14-15°C melanostictus), pile perch (Rhacochilus vacca), spiny
(Goodwin 1973a, 1973b). The largestveligers (before dogfish(Squalusacanthias),starryflounder(Platichthys
metamorphosis to benthic juveniles) are 0.350- stellatus), and other flatfish. Seastars (Pisaster spp.)
0.400 mmindiameter(Goodwinetal.1979). Settlement and sunstar (Pycnopodia helianthoides) feed on
is usually from April to August, peaking in mid-July juveniles and adults (Sloan and Robinson 1983,Wolotira
(Andersen 1971). et al. 1989). Rock crabs will feed on any dislodged

individuals (Wolotira et al. 1989). The tips of geoduck
Juvenile Size Range: Juveniles range in size from 0.8- .siphons are eaten by the Pacific staghorn sculpin
100.0mmSL(Andersen 1971). When1.5-2.0 mmSL, (Leptocottus armatus) (Andersen 1971). Adults are
they start to burrow into the substrate (Goodwin and also excavated and eaten by sea otters (Enhydra
Pease 1989). Juveniles <5 mm SL still have the ability lutris). Geoducks reduce predation rates by burrowing
tomove, whilelargerjuvenilessimplyburythemselves deeply into sediments as they grow. Siphons are
as they grow (Goodwin and Shau11984). protected by retracting them when inactive and allowing
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he siphon hole to be buried (Wolotira et al. 1989). Columbia. British Columbia Ministry Env., Mar. Res.
!~ Predation is probably highest in areas where a hard Branch, Fish. Man. Rep. No. 15, 25 p.
~a "layer of rock or clay does not permit geoducks to

burrow deeply. Fitch, J. E. 1953. Common marine bivalves of California.

i Calif. Fish Game, Fish Bull. 90, 102 p.
~_~ctors Influencing Po_Dulati0n~: Larvae and small
juveniles appear to suffer extremely high mortality Gates, D. E., and H. W. Frey. 1974. Designated
~vhich results in low recruitment (Goodwin et al. 1979). common names of certain marine organisms ofi mortality rates for older juveniles (2+ years) California. Calif. Fish Game, Fish Bull. 161:55-90.However,
and adults are very low (Andersen 1971, Goodwin et al.
1979). Recruitmentofjuvenilesappearstobehighest Goodwin, C. L. 1973a. Subtidal geoducks of Puget

I. in areas containing adults, indicating that commercial Sound, Washington. Tech. Rep. 14, Wash. Dept.
harvest may adversely affect recruitment (Goodwin Fish., Olympia, WA, 81 p.
and Shau11984). To assist reestablishment of geoducks
in areas where they have recently been harvested, the Goodwin, C. L. 1973b. Effects of salinity and

. Washington Department of Fisheries has developed a temperature on the embryos of the geoduck clam
¯ geoduck hatchery and "seeds"these areas (Goodwin (Panopea generosa Gould). Proc. Natl. Shellfish.

,.and Shaul 1984). Some adult mortalities result from Assoc. 63:93-95.
.anoxicconditions arising from vegetation accumulation
and decomposition, dredging operations, sediment Goodwin, C. L. 1976. Observations on spawning and
slumping and earthquakes (which may crack their growth of subtidal geoducks (Panopea generosa

I shells) (Andersen 1971, Wolotira et al. 1989). Other Gould). Proc. Natl. Shellfish. Assoc. 65:49-58.
factors possibly affecting populations include disease,
siltation (especially intertidal and shallow water subtidal Goodwin, C. L., and B. Pease. 1989. Species profiles:
beds), and illegal harvest (Andersen 1971, Schink et al. life histories and environmental requirements of coastal
1983). Somegeoduck beds in Puget Sound areclosed fishes and invertebrates (Pacific Northwest)--Pacific
toharvestbecauseofindustrialandmunicipalpollution, geoduck clam. U.S. Fish. Wildl. Serv. Biol. Rep.
Other beds have been lost because of pier, jetty, 82(11.120), U.S.Army Corps Eng.,TR EL-82-4, 14p.

I marina, and pipeline development projects. Aquacultu re
..... of other species (primarily salmonid net pens) has Goodwin, L., and B. Pease. 1987. The distribution of

altered and reduced geoduck harvest in some areas geoduck (Panopea abrupta) size, density, and quality

I (Goodwin and Pease 1989). in relation to habitat characteristics such as geographic

. ~ area, water depth, sediment type, and associated flora
References and fauna in Puget Sound, Washington. Tech. Rep.

102, Wash. Dept. Fish., Olympia, WA, 44 p.I Andersen, A. M., Jr. 1971. andSpawning, growth,
spatial distribution of the geoduck clam, Panopea Goodwin, L., and W. Shaul. 1984. Age recruitment and
generosa Gould, in Hood Canal, Washington. Ph.D. growthofthegeoduckclam (Panopeagenerosa, Gould)

I Thesis, Univ. Wash., Seattle, WA, 118 p. in Puget Sound Washington. Prog. Rep. 215, Wash.
¯ Dept. Fish., Olympia, WA, 30 p.

¯Bernard, F. R. 1983. Catalogue of the living Bivalvia
!~of the .eastern Pacific Ocean: Bering Strait to Cape Goodwin, L., W..Shaul, and C. Budd. 1979. Larval

Horn Can ......Spec Publ Fish Aquat Sci 61,    p.Ii " 102 developmentofthegeoduckclam(Panopeagenerosa,
..~ .... Gould). Proc. Natl. Shellfish. Assoc. 69:73-76.

~ Breen, P. A.’, and T. L. Shields. 1983. Age and size

|,structureinfivepopulationsofgeoducclams (Panopea Haderlie, E. C., and D. P. Abbott. 1980. Bivalvia:The
generosa) in British Columbia. Can. Tech. Rep. Fish. clams and allies. In R. H. Morris, D. P. Abbott, and E.

-Aquat. Sci. No. 1169, 62p. C. Haderlie (editors), Intertidal invertebrates of
" California, p. 355-411. Stanford Univ. Press, Stanford,
Cheney, D. P., and T. F. Mumford, Jr. 1986. Shellfish CA.
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Pacific coast. Univ. Wash. Press, Seattle, WA, 370 p.
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Crangon franciscorum
Adult

Common Name: bay shrimp changes in estuarine temperature and salinity regimes
Scientific Name: Crangon franciscorum (Khorram and Knight 1977). River discharge and
Other’ Common Names: Franciscan bay shrimp, subsequent changes to estuadne salinity regimes
California shrimp, grass shrimp (Gates and Frey 1974, appear to determine distribution, recruitment levels,
Khorram and Knight1977) survival, and growth (Hatfield 1985, Californi~
Classification (Bowman and Abele 1982) Department of Fish and Game 1987). Alicyclic hexanes
Phylum: Crustacea at concentrations ranging of 1.5-10.9 ppm are acutely
Class: Malacostraca toxic to bay shrimp; these chemicals can be
Order: Decapoda bioaccumulated by a factor of 13 (Benville et al. 1985).
Family: Crangonidae

Ecological: The bay shdmp is the dominant decapoc
Two subspecies are defined, C. franciscorum shrimp in most Pacific coast estuaries (Krygier am
franciscorum and C. franciscorumangustimana. The Horton 1975, Hoeman 1982, Rudy and Rudy 1983
latter differs from C. f. franciscorum by having a long Hatfield 1985). It is an important preyfor many Pacifk
chela, with tip of dactylus crossing under basal part of coast fish and crab species (Haertel and Osterber.(
fixed finger (Butler 1980). 1966, Stevens et ai. 1982), and an important estuadn~

benthic and epibenthic predator (Sitts and Knight 1979
Value Siegfried 1980, Hatfield 1985). The agitation of botton
Commercial: The bay shrimp is commercially fished sediments (caused by this species as it searches fo
(primarily with trawls) only in San Francisco Bay, food) may contribute to nutrient cycling (Krygier an~
California (Smith and Kato 1979, Chace and Abbott Horton 1975). Estuaries are used as nursery areas bl
1980). It once supported a larger fishery that utilized this species, with lower salinity areas particularl
trawls, fyke nets, and seines (Butler 1980). It is fished important to young shrimp (Krygier and Horton 1975~
mainly for use as bait, but some is used for human
consumption. Recently, annual landings for three Range
Crangon species (C. franciscorum, C. nigricauda, and Overall: The bay shrimp’s overall range is from Sa
C. nigromaculata)captured in San Francisco Bay have Diego, California, to Alaska (Butler 1980, Chace an
ranged from 2.3 to 25.0 t (Chace and Abbott 1980). Abbott 1980). C.f. angustimana is apparently onl

found in deeper waters (18-183 m) from Tillamoo
Recreational: This species is used as bait for striped Rock, Oregon to Kachemak Bay, Alaska (Butler 1980
bass (Morone saxatilis) and sturgeon (Acipenser spp.).

Within Study Area: This species is abundant to comm<~
Indicator of Environmental Stregs: Because estuaries in most Pacific coast estuaries from San Francisco BE
play a critical role in the bay shdmp’s life history, to Puget Sound, Washington, but it is not normal
alterationsofthese habitatsdirectlyaffectits pop.ulations found in estuaries south of San Francisco Bay (Tab
(Frey 1971). This species is a good indicator of 1) (Monaco et al. 1990).
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Bay shrimp continued

!i~-’~’ lel. muddy substrates (Kuris and Carlton 1977).
Tab Relative abundanceof-bay shrimp

in 32 U.S. Pacific coast estuaries. Physical/Chemical Characteristics: The bay shrimp is
Life Stage a euryhaline species. Juveniles and adults are found

E_~_~.~_~_~__ A S J L E in euhaline to oligohaline waters in Prince William
PugetSound ~)r.(~...,(~,~)il~ Relative abundance: Sound, Alaska (2.2-28.3%°) (Butler 1980). In San

HoodCanal ~C~.I,C)~ O: O. Oi ¯ Highly abundant Francisco Bay and Delta, highest densities are found
Skagit Bay (~’ ~’¯’(~ ~’~)i ~} Abundant at salinities of 1-7%° (Siegfried 1980). Juveniles appear

I Grays Harbor ~’ ~: ¯’ ~ ::~
O Common

........... "~/ Rare to prefer lower salinities (<32.0%o), while ovigerous
WillapaBay (~ (~ ¯ (~ (~ Blank Not present females prefer salinities >14.6%o (Krygier and Horton

Columbiaaiver ~ ~} ¯ (~ {~ 1975). Juveniles and nonovigerous adults tolerate

i Neha~e,~ Bay ~ ~ ¯ ~ (~ temperatures of 5.2-21.3°C; ovigerous females prefer
TillamookBay (~ (~ ¯ (~} ~) Life stage:

Netarts Say :OIi,C~.!,IC~:,I(~!,:I~I A- Adults           temperatures of 6.8-19.2°C (Krygier and Horton 1975).
................... S-Spawningadults Salinity and temperature influence this species’
................. distribution significantly. High salinities retard the

yaquina Bay (~ ~ ¯ ~]’ ~i L- Larvae

Alsea River :~};"~:’ ¯"(~ ’~!
E- E~gs movements of juveniles to lower estuarine areas, while

SluslawRiver (~} (~ ¯ ~} (~
high temperatures in thesummerincreasemovements
to upper estuarine areas (Krygier and Horton 1975).

Umpqua River
Coos Bay (~ i~ ¯ ~ (~ Lowsalinitiesprobably retard egg development (Krygier

Rogue River and Horton 1975), and salinities <12%o may reduce
Klamath River iiiiii!ii

larval survival (Siegfried 1980). Optimum conditions
Humboldt Bay ~ii~...,’: ~ O: ~i~;::~.~,::i!.i for adults are salinities of 18-20%0 and temperatures of

Eel River ~) ~ "¯ (~ :.(~ 4.5-17.0°C (Khorram and Knight 1977, Siegfried 1980).
Toma,es Bay

Cent. San Fran. Bay* (~} (~ ¯ ¯ ,(~} Includes CentralSan Migrations and Movements: A "spawning migration"
Francisco, Suisun, Occurs during the reproductive periods; adult femalesSouth San Fran. Bay (~ O (~ O O and San Pablo bays,

EIkhorn Slough and males move to lower, more saline areas of estuaries
Morro Bay (primarily March to July) (Krygier and Horton 1975).

santa Monic~ Bay " ..i ~.:!.i..i ::,i.~. ::. ".~: : :~i~:i Juven lies move up estuaries du ring the summerto rear
san Pedro Bay i:’"; ;~!. ;;.. :i::~ii: in lower salinity, highertemperature areas (Israel 1936,

A~ar,~tos say Armstrong et al. 1981, Hatfield 1985). As they grow
Anaheim Bay iii:i:::.i:!i!i;iii’.! and mature, bay shrimp move to lower, more saline
New~ort B~y areas (Krygier and Horton 1975). In the fall and winter,
M=ss~on Bay many adults move to near the mouth of estuaries and

nearshore areas outside estuaries (Hatfield 1985).
Juveniles and adults undergo nocturnal vertical

A s J L E migrations to feed (Sitts and Knight 1979). Larvae
appear to be advected seaward by river flow (Hatfield
1985).

, Life Mode
.. Eggs are brooded on the female’s body, carried under Reproduction

II . the abdomen, attached to and between the basal joints Mode: The bay shrimp is gonochoristic and oviparous.
¯ and inner rami of the pleopods or abdominal legs Sperm is stored internally in the female; eggs are
"(Israel 1936). The larvae are epipelagic, and juveniles fertilized when extruded and brooded externally on the

il and adults are epibenthic, female’s body.

Habitat Mating/SDawning: Although gravid females may be

II
..Z_.V.p.~: Adults are found in estuaries and offshore, found year-round, usually only two spawning periods
~.intertidally down to 183 m (Butler 1980). Ovigerous exist (sometimes only one depending on the estuary)
femalesarefoundinthelowerportionsofestuariesand (Israel 1936, Krygier and Horton 1975). In Yaquina
adjacent offshore waters (Krygier and Horton 1975). Bay, Oregon, spawning occurs from December to

- Juvenilesprimarilyinhabitchannelsandflatsinthelow March (older females), and from Aprilto August (first-

I! .salinity areas of estuaries, time and repeat spawners). The second spawning is
, usually larger (more spawners present for a longer
.=~JJ-~:Larvaearefoundoveravarietyofsubstrates. period)thanthefirst (Krygierand Horton 1975). InSan

II Juveniles and adults occur primarily over sandy to Francisco Bay, only a single extended spawning period
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Bay shrimp continued

was thought to exist, with a peak from March to reported is 11.0 mm TL off the Columbia River (Durkin
September (Israel 1936). However, a bimodal and Upovsky 1977). Fern.ales may live 2-2.5 years,
reproductive schedule al:T-pears to occur here also; and males about 1.5 years (Stevenson et al. 1987).
du.ring the first period, gravid females reside primarily
off the mouth of San Francisco Bay (Hatfield 1985). A Food and Feeding

.... spawning migration" occurs, with females and males Trophic Mode: Larvae, juveniles, and adults are primarily
moving to deeper, highersalinityareas (usually>21%o, carnivorous (occasionally detritivorous), feeding on
depending on water temperature) when they become benthic and epibenthic prey. Food habits depend on
reproductively active (Krygier and Horton 1975, the shrimp’s size, temperature-salinity preferences,
Siegfried 1980). Nearshore areas outside of estuaries and prey availability (Wahle 1985).
are often used by spawning adults during the winter
and spring (Durkin and Lipovsky 1977, Hatfield 1985). Foodltems:Thebayshdmpfeedsonmysids(Neomysis

mercedis), amphipods (primarily Corophium spp.,
Fecundity: Females from 47.8-67.4 mm total length Ampelisca abdita, and Grandidierellajaponica), bivalves
(TL)carried1,923-4,764eggsperfemale,withamean (primarily Mya arenaria, Gemma gemma, and
of 3,528 (Krygier and Horton 1975). Fecundity of bay Venerupis japonica), foraminiferans, isopods,
shrimp ranged from 1,977-3,103 in Grays Harbor, copepods, ostracods, gastropods, and plant material
Washington (Hoeman 1982), and from 2,499-8,840 in (Wahle 1985).
south San Francisco Bay (Stevenson et al. 1987).
Fecundity (Y) was calculated to be Y=- Biolog|callnteractions
5338.7+156.1 (TL) for shrimp in Yaquina Bay (Krygier Predation: The bay shrimp is an important prey for the
and Horton 1975), and log Y=-3.66+4.091og(TL) for striped bass, brown smoothhound (Mustelus henley),
shrimp in San Francisco Bay (Siegfried 1980). green sturgeon (A. medirostris), white sturgeon (A.

transmontanus), Pacific staghorn sculpin (Leptocottus
Growtl~ and Development armatus), Pacific tomcod (Microgadusproximus), prickly
Egg Size and Embryonic Development: Eggs are sculpin (Cottus asper), sand sole (Psettichthys
spherical and 0.60 mm in diameter (Mondo 1980). ~melanostictus),waterfowl, harborseal(Phocavitulina),
Embryonic development is indirect and external; eggs and the Dungeness crab (Cancer magister) (Ganssle
remain in the female’s brood pouch until hatching. 1966, Hoeman 1982, Stevens et al. 1982). The bay
Eggs appear to take 8-12 weeks to mature, depending shrimpis also susceptibleto cannibalism (Mondo 1980).
ontemperature. Larvae hatched in early spri ng develop
intojuvenilesbyMaytoJuly(KrygierandHorton1975). Factors Influencing Po_~ulations: This species may

compete with the introduced oriental shrimp (Palaemon
AgeandSizeofLarva~:Larvaerangefrom6.0-7.4mm macrodactylus) for food and resources, especially
TL (Israel 1936, Krygier and Horton 1975). Larvae during drought years (Sitts and Knight 1979, Siegfried
undergo seven larval stages in 21 days at 17.5°C 1980). The bay shrimp is one of the most abundant
(Mondo 1980.). organisms entrained during dredging operations in

Pacific Northwest estuaries (Armstrong et al. 1981,
Juvenile Size Range: Juvenile bay shrimp range from Hoeman 1982). Its distribution is also influenced by the
6.0-7.4mmtoabout34mmTLformales,48mmTLfor availability and abundance of the mysid Neomysis
females (Israel 1936, Krygier and Horton 1975), mercedis (Siegfried 1980). Freshwater inflow into
however, this may differ between estuaries (Israel estuaries strongly influences this species’ distribution
1936). After reaching 30 mm TL, growth is estimated and abundance (Hatfield 1985, California Department
to be 2.0 ram/month (Stevenson et al. 1987). of Fish and Game 1987). Abiotic conditions during

winter and spring off the mouths of estuaries may also
Age and Size of Adult~: Both sexes mature in about 1- influence populations (Hatfield 1985). The bay shrimp
1.5years, with most males reaching maturityat34 mm is a short-lived species that shows large annual
TL and females at 48 mm TL (Krygier and Horton 1975, fluctuations in abundance and may be highly sensitive
Butler 1980, Stevenson et al. 1987) or 55-60 mm TL in to effects of short-term estuarine pollution (Frey 1971).
San Francisco Bay (Hatfield 1985, Stevenson et al. Parasitism bythe branchial isopod Argeiapugettensis
1987). Malesappeartospawnonlyonce,whilefemales inhibits female reproduction (Butler 1980, Hoeman
may produce two broods (Butler 1980). Females are 1982). Necrotic shell lesions may affect populations,
60mmTLin1.5years, malesS0-52mmTLafterlyear; but little information is available (Stevenson et al.
females >62 mm TL are rare in Yaquina Bay, but are 1987). Predation may also significantly control year
common off the Columbia River (Krygier and Horton class strength (Stevenson et al. 1987).
1975, Durkin and Lipovsky 1977). The largest size
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Bay shrimp continued
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Cancer magister
Adult

5 cm

Common Name: Dungeness crab vacuum-packed ) in cans.
Scientific Name: Cancer magister
Other Common Names: Pacific edible crab, edible Recreational: Limited data are available on the numbers
crab, market crab, commercial crab (Hart 1982, Pauley of Dungeness crab captured by sport fishermen. It is
et al. 1986) primarily caught in bays and estuaries, captured either
Classification (Bowman and Abele 1982) intertidally by hand or subtidally by baited crab pots,
Phylum: Crustacea ring nets, dip nets, and hook and line (Pauley et al.
Class: Malacostraca 1986). Legal crabs for recreational fishermen must be
Order: Decapoda male and >146 mm CW in Oregon, >152 mm CW in
Family: Cancridae Washington, and >159 mm CW in California (where

males and females can be taken) (Dahlstrom and Wild
Value 1983).
Commercial: The Dungeness crab is an important
commercial shellfish that is harvested from the waters Indicator of Environmental Stress: The effects of urban
of Alaska to California. In 1985, more than 12,700 t pollution including chlorine residuals, heavy metals,
worth over $39 million were landed (National Marine chlorinated pesticides, polychlorinated biphenyls, and
Fisheries Service1986). Theabundanceofthisspecies hydrocarbons, on Dungeness crab are not clear.
fluctuates considerably, but long-term average annual However, sublethal effects are indicated for some
landings are near 17,000 t (Pacific Madne Fisheries pollutants at concentrations presently occurring in San
Commission 198.7,). Baited crab pots are used to catch Francisco Bay, California (Guard et al. 1983, Haugen
this species in nearshore marine waters normally <120 1983a, 1983b, Horne et al. 1983, Cheney and Mumford
mdeep (Dahlstrom and Wild 1983, Barry 1985). Inthe 1986). Exposuretooiledsedimentslowersthisspecies’
study area, .major commercial landings occur north reproductive activity and larval survival (Karinen et al.
from Fort Bragg, California (Garth and Abbott 1980). 1985). Crabs are intolerant of low dissolved oxygen
The commercial season occurs primarily when males (optimalis > 5 ppm), and low concentrations of ammonia
are hard-shelled. Off northern California, Oregon, and are toxic (Cheney and Mumford 1986). The insecticide
Washington the season usually opens December 1 SEVIN (carbaryl) is sometimes used to control ghost
and only male crabs >159 mm carapace width (CW) shrimp (C.allianassa spp.)in Pacificoyster(Crassostrea
are legal (Barry 1985, Demory 1985, Warner 1985). In gigas) beds, but is also very toxic to Dungeness crabs
Alaska, thecommercialseasonintheSoutheastopens (Buchanan et al. 1985): Zoeae of C. magister are
July 1, Yakutat opens May 1, and Kodiak opens May 1. among the most sensitive life stages to insecticides
Only male crabs >165 mm CW are legal in these areas and fungicides (Buchanan et al. 1970, Armstrong et al.
(Eaton 1985, Kimker 1985a, Koeneman 1985). The 1976, Caldwell et al. 1979).
commercial season may last 9 months, but most crabs
are captured within the first 2 months. The Dungeness Ecological: The Dungeness crab is important as both a
crab is sold as cooked whole or shelled (and frozen or predator (on Crangon spp. shrimp and bivalves) ano
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Puget Sound, Washington (Table 1 ).
Table 1. Relative abundance of Dungeness crab

in 32 U.S. Pacific coast estuaries. Life Mode
Life Stage Eggs adhere to pleopods of the epibenthic-living adult

Estuary___ A M J L E female. Larvae (zoeae)are planktonic. Post-larvae
Puget Sound i~i i~ i~i ~ii ~il Relative abundance: (megalopae) are primarily planktonic, but become
Hood Canal i~ i~i :i~i~:i ~i!’~::ī Highly abu~ant mostly benthic when close to molting (Reilly 1983a).
SkagitBay !~ i~ii~il~:i!’~ii {~ Abundant Megalopae can actively swim and sometimes form" O CommonGrays Harbor !~ i:iiiiii:ii: ii~:i! ~iliiiiiii~iiil%/ Rare "swarms" nearthe surface (Lough 1976, Hatfield 1983).

" Willapa Bay O ¯ O Blank Not present Megalopae are often found on the hydrozoan Velella
Columbia River O ¯ O velella (Wickham 1979, Stevens and Armstrong 1985).

Neh~em Bay ~ ¯ ¯ Juveniles and adults are epibenthic.
"l]llamook Bay (~ ¯ ¯ Ufe stage:

M- Mating Habitat
SiletzRiver !~iiiiiiiiii i~ ~i:"iiiiiiiii! J-Juveniles ~_..~: Eggs adhere to pleopods of female crabs in

E- Eggs euhaline (30-40%0) waters. Females with eggs can be
Alsea River i~i i!!ii!!iiiiiii ii~: ~iI iiiiiii~ii!i found intertidally and in deeper nearshore waters

SiuslawRiver (~ ¯ ¯! (MacKay 1942). Larvae initially occur in nearshoreUmpquaRiver O ¯ ¯i
euhaline waters (5-16km from shore) (Lough 1976,coo,~a~ ~ o;¯ ¯O
Orcutt 1977, Reilly 1983a), with offshore movementRogue River O    ! ~ I

KlamathRiver i~iiiiiiiii!i~iiiii!i!i!i!ili!i’i!’ii
and distribution influenced by depth, latitude,
temperature, salinity, and currents (Reilly 1983a, 1985).

Eel River i~i, il}i!iii!! ii ~i!,ili!i!i~ii Larvae are found near the surface at night and 15-25
Tomales Bay i~i ii!ii!i!ii! i~’ ~’"ii!iiiiiil m deep during daylight (Reilly 1983a, 1985). Megalopae

Cent. san Fran. Bay * %/ ¯ %/ Includes CentraISan are primarily found in shallow nearshore areas (Lough
Francisco, Suisun, 1976, Hatfield 1983, Reilly 1983a). MegalopaeoccupySouth San Fran. Bay %/ 0 %/ and San Pablo bays.

ElkhomSIough %/ %/ %/ theupper15mbothdayandnight(Reilly1983a,1985),
Morro Bay %/ %/ but they also have diel migrations (Booth et al. 1985).

Sant~ Monica Bay iiiiiiiii!ii iiiiiiiiiii iiiiiiiii:~:~:~,~:~:~:~: Juveniles occur primarily in shallow coastal waters and
san P~dro Bay ii~,ii~ii!i iiiii~:~: iiii~iiiiiiiiiiii~i ii~i~i~iii estuaries (Butler 1956, Orcutt et al.. 1975, Stevens and

Alamitos Bay iiiili!:il’, i:iiiiiiii: iiiiiii:iiiiiiiiiii"i!ii!i!ii;i! - Armstrong 1984, 1985). Adults are found primarily
Anaheim Bay i:iii!i!ii’, iiiii:i!ii ii:iiiiiiiiiiiiiiiii!iiiiiiiii:!i intertidally to 90 m depths in marine (euhaline) waters,
N,~wpo~Bay but sizable numbers occu~ in the lower reaches of
Mission Bay estuaries.

San Diego Bay

Tijuana Estuary Substrate: The Dungeness crab is found over various
A M J L E substrates. Juveniles are often found intertidally in

estuarine areas of soft substrate containing eelgrass
(Zostera spp.) and bivalve shells (Armstrong and

prey species in nearshore and estuarine habitatsl Gunderson 1985). Adults can be found on mud, rock,
Estuaries are very important to early life stages (Tasto and gravel bottoms, but they prefer sand (Frey 1971,
1983, Armstrong and Gunderson 1985, Emmett and Karpov 1983, Rudy and Rudy 1983).
Durkin 1985).

Physk;al/Chemical Characteristics: Salinity tolerance
Range varies with life stage (Pauley et al. 1986), but small

il v~: This species occurs from Santa Barbara, juveniles do not appear to be more tolerant of low
California in the south, to the Pribilof Islands salinitiesthan adults (Stevens and Armstrong 1985).
(southeastern Bering’Sea) in the north (Schmitt 1921, Eggs hatch over a wide range of salinities, but survival
MacKay1942, Pauleyetal. 1986). Itdoes notoccuroff isbestin euhalinewaters(Pauleyetal. 1986). Larvae

il Baja California (Garth and Abbott 1980). It is found are highly sensitive to salinity variations and are found
along the Pacific coast in intertidal waters down to 420 primarily in euhaline waters (Buchanan and Milleman
m, but is not abundant at depths below 90 m. 1969, Lough 1976, Reilly 1983a). The interaction

II between salinity and temperature can significantly
~!ithin Study Area: The Dungeness crab occurs in affect larval survival. At lower temperatures (_<10°C)

11~coastal waters and probably all bays and estuaries eggs take longer to hatch and have lower hatching
from Morro Bay, California (Soule and Tasto 1983), to mortality rates (Mayer 1973, Wild 1983). Larval survival
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is bestwhentemperatures are 10.0-14.0°C and salinities To accomplish this, the male may hold the female in
are 25-30%o(Reed 1969, Pauley et al. 1986); larvaewill premating embrace for up to 7 days before she molt
notsuccessfullydeve~ptomegalopaeat20°C(Sulkin (Snow and Neilsen 1966). After she molts, the mal
and McKeen 1989). Juvenile and adult crabs in inserts his gonopods into the spermathecae of th
estuaries ~are exposed to rapidly changing salinities, female and deposits spermatophores. The male ma
which they respond to by pulsing, closure (Surgarman remain with the female for two days to insure h~
et al. 1983), and movement (Stevens et al. 1984). protection (Snow and Neilsen 1966). Th
Mating takes place at temperatures of 8.0-17.0°C spermatophores remain viable in the female for mar
(Pauley et a11986). Watertemperatures >20.0-25.0°C months and fertilize the eggs when they are extrude
may cause juvenile and adult mortalities, depending on (MacKay 1942, Wild 1983). Males can mate with tool
other environmental factors (Wild 1983, Pauley et al. than one female.
1986).

Fecundity: Eggs are extruded in the fall and wint~
Migrations and Movement~: Before spreading offshore, from September to February in British Columb
larvae initially appear in nearshore waters 5-16 km (MacKay 1942, Butler 1956), October to December
fromshoreinDecember(offCalifornia)andlateJanuary Washington (Cleaver 1949), October to March
(off Oregon). Megalopae appear in early March to mid- Oregon (Waldron 1958), and September to Novemb
Aprilin CaliforniaandApriloffOregon and Washington in California (Orcutt et al. 1975, Wild 1983). Afema
(Lough 1976, Reilly 1983a, Pauley et al. 1986). Both mayhave3or4broodsinalifetime (MacKay1942) ar
larvae and megalopae undertake daily vertical can carry up to 2.5 million eggs (wickham 1980), b
migrations, being atthe surface at night (Reilly 1983a, the actual number that hatch is much less (Wild 198
Booth et al. 1985, Shenker 1988). Tidal currents and 1983). Females have to be buried in sand for eggs
self-propulsion bring megalopae within 1 km of shore adhereproperlytopleopods (Wild 1983). Eggsform~
and into estuaries in Oregon (Lough 1976). Megalopae orange "sponge" that gets darker as the eggs matul
may also "ride"the hydrozoan Velella velella to inshore
waters (Wickham 1979). Early juveniles settle out in Growth and Development
shallow water estuarine areas or adjacent marine Egg size and Embryonic DeveloDment: Eggs are 0.
waters (Tasto 1983, Stevens and Armstrong 1985), 0.6 mm in diameter, and smaller at higher incubati~
and also settle on tidal flats at high tide (Stevens and temperatures (Wild 1983). Embryonic developmenl
Armstrong 1984, Armstrong and Gunderson 1985). . indirect and external. Egg incubation takes 64-1.
Adult crabs move out of estuaries to mate, but there are days depending on temperature (Cleaver 1949, Orc
always some adults in estuaries. Whiletagging studies 1978, Wild 1983). Upon hatching, crabs emerge
have shown that adult Dungeness crabs can move prezoeaeand molttozoeaewithinone hour. (Buchan
over a wide area, most exhibit limited random and Milleman 1969).
movements (Waldron 1958, Diamond and Hankin
1985). However, there is some evidence that male Age and Size of Larvae: Larvae are 2.5-11.0 mm
crabs move northward and into shallow waters during length (Poole 1966). The larvae molt through five zo
winter and southward and into deeper water during stages before metamorphosing into megalopae (Po.
summer (Gotshal11978). Diel movements to intertidal 1966, Lough 1976). The megalopa isthe final plankto
habitats may be a result of food availability (Stevens et stage; it molts to become the initial juvenile in~
al. 1984). (Reilly 1983a, 1985).

Reproduction Juvenile Size Range: Juveniles range in size from
Mode : The Dungeness crab is gonochoristic, oviparous, mm CW to about 100 mm CW (larger for mal
anditeroparous. Eggsarefertilizedwhilebeingextruded (Cleaver 1949, Waldron 1958, Butler 1960, 19
by the female. Poole 1967). Crabs may molt 11 or 12 times bef

reaching sexual maturity (Butler 1961). Juvenile,’
Mating/SDawning: Mating occurs from April to estuariesgrowfasterthanjuvenilesresidingincoa
September in British Columbia (MacKay 1942, Butler waters. Subyearling crabs in Grays HarborandWill~
1956), primarily from March to April (but sometimes to Bay, Washington, grewto 40 mm CW by Septemb~
June) in Washington (Cleaver 1949, Pauley et al. their first year (Gunderson et al. 1990).
1986), and from March to July in California (Pauley et
al. 1986). Matingtakes place in non-estuadne locations, Age and Size of A~ults: The Dungeness crab mats
with males finding females via the possible aid of after approximately two.years when 116 mm
pheromones (Knudsen 1964, Pauley et al. 1986). (males) or100 mm CW (females) (Butler1960,19
Mating usually occurs when the female is soft-shelled. Some male crab~ reach harvestable size three y~
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after settlement, and most males reach this size after class is probably determined by larval survival to
four years (Warner 1987, Smith and Jamieson 1989). metamorphosis,thusfactorswhichinfluenceegg, larva,
This species can live up to 8-10 years and reach a size and megalopa survival are very important (Peterson
of 218. mm CW (males) and 160 mm CW (females) 1973, Lough 1976, Pauley et al. 1986). Factors which
(MacKay 1942, Butler 1961). affect larval survival include predation, extreme water

temperatures, currents, and food availability (Lough
Food and Feeding 1976). Other causes of mortality which may influence
~r_ephio Mode: Larvae are planktivorous. Juveniles population abundance include egg predation by C.
and adults are carnivorous, errans (Wickham 1980), megalopae predation by

salmon (Reilly 1983b), and diseases (Stevens and
~:Larvaeandmegalopaeeatphytoplankton Armstrong 1981). Commercial trawling kills
and zooplankton, but primarily zooplankton (Lough approximately 53 crabs per trawling hour (males) in
1976, Ebert et al. 1983). Juvenile crabs eat fish, California (Reilly 1983c). Finally, estuaries play a vital
molluscs, and crustaceans (Butler 1954, Gotshal11977, role in Dungeness crab abundance. Estimates of
Stevens et al. 1982). Shrimp (Crangonspp.)appearto juvenile crab populations in Willapa Bay and Grays
be a preferred prey for juveniles that are 61-100 mm Harbor showed that these two systems contribute
CW in Grays Harbor (Stevens et al. 1982). Larger substantially to future crab catches (Stevens and
juveniles often cannibalize smaller crabs (MacKay Armstrong 1984,1985). Estuaries are important nursery
1942, Butler 1954, Gotshal11977, Stevens et al. 1982). habitats for subyearling and yearling crabs (Gunderson
Adults also eat fish, molluscs, and crustaceans, and et al. 1990). Hence, dredging and habitat modification
are nonspecific feeders that alter their food habits as projects in estuaries should consider the potential
prey abundances fluctuate (Gotshal11977). Ingeneral, impacts on crab populations (Armstrong and Gunderson
crabs eat bivalves their first year, Crangon spp. their 1985, Emmett and Durkin 1985, Pauley et al. 1986,
second year, and fish their third year (Stevens et al. McGraw et al. 1988).
1982).
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Triakis semifasciata
Adult

25 cm

Common Name: leopard shark California beaches (Miller and Lea 1972). It is the most
Scientific Name: Triakis semifasciata abundant shark in San Francisco Bay (Ebert 1986) and
Other Common Names: cat shark, sand tiger is common near jetties and piers (Talent 1976).
Classification (Robins et al. 1980)
Phylum: Chordata Range.
Class: Osteichthyes Overall: Overall range of this species is from Baja
Order: Carcharhiniformes Mexico, to southern Oregon. It is also found in the
Family:Triakidae northern Gulf of California (Miller and Lea 1972,

Eschmeyer et al. 1983).
Value
Commercial: The leopard shark is caught and sold Within Study Area: The leopard shark inhabits most
commercially year-round, but it is not normallytargeted California estuaries and bays, but is primarily found
by commercial fishermen. However, a limited Iongline south of Tomales Bay (Table 1) (Monaco et al. 1990).
fishery exists in San Francisco Bay, California (S.
Smith, National Marine Fisheries Service, La Jolla, Life Mode
California, unpubl, manuscr.). The meat is considered The leopard shark is a live-bearer; eggs are fertilized
excellent and is sold fresh and fresh-frozen (Compagno internally and embryogenesis occurs within the female.
1984). This species was not sought during early shark Juveniles and adults are demersal, sometimes resting
fisheries because its liver does not contain high on thebottom (Feder et al. 1974).
concentrations of vitamin A (Roedel and Ripley 1950).

Habitat
Recreational: This species is a valuable sport fish in T_.V#_e.: This shark is a neritic species found primarily in
nearshore shallow waters of central and southern polyhaline to euhaline waters. It is most common in
California. Important sport fisheries exist in San waters <3.7 m deep, but may occur down to 91 rr
Francisco Bay and Elkhorn Slough, California (Herald (Eschmeyer et al. 1983, Compagno 1984). Estuarie,"
and Ripley 1951, Smith and Kato 1979). appear to be used as pupping and feeding/rearin(.

areas (Ackerman 1971, Talent 1973, Barry and Caillie
Indicator of Environmental Stress: Concentrations of 1981).
polychlorinated biphenyls of 46.9 ppm have been found
in leopard sharks in San Francisco Bay (Russo 1975). Substrate: Juveniles and adults prefer sandy or mudd’
However, it is not known how or at what levels flats, but they may also be found over cobble bottom.’
contaminants affect leopard shark biology, and near rocky reefs and kelp beds (Feder et al. 1974

Ecological: The leopard shark is one of the most Physical/ChemicaI Characteristics: The leopard shal
commonsharksinCaliforniabaysandestuaries(Talent is a marine species, but no information is availabl
1973, de Wit 1975, Ebert 1986) and along southern concerning salinity tolerances. However, sharl~
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Leopard shark continued

nomadic, spending a few hours in one location and

I ’,Table 1."Relative abundance of leopard shark then moving to another area (Compagno 1984).
in 32 U.S. Pacific coast estuaries. Leopard sharks often enter shallow bays and onto

Life Stage intertidal flats during high tide, retreating during ebb
~__. A P J M tide (Compagno1984). Unlike many sharks which are

Puget Sound

Hood Canal

................ q R~ Reproduction
Willapa.Bay Blank Notpresent Mode: The leopard shark is gonochoristic,

Columbia River ovoviviparous, and iteroparous. Fertilization is internal
Nehalem Bay and there is no yolk-sac placenta.

Tillamook Bay Life stage:

Ne~,~ Bay i::i: !:~~. iii~i::;i~ ::: ~::.:il iiii;!~ii;A- A,~u~
.......... P- Parturition Mating/Spawning: Mating appears to occur soon after

i Silo,, River iiiii::i::~, iii::i~.’:li~i:~iii’~i:~J-Juveni=es females give birth, primarily during April and May.
yaqu=na Bay :ii:~!::ili~ ii~!~;i i:.! il;::i::i~i~M- Mating Mating (as observed in the Steinhart Aquarium in San

- ~s~a River i!i::ii!ii iiiiiiiii ii!iiiiiiiii!~.!~ii~= Francisco, California) is preceded by the male and
s~us~aw R~ver female swimming rapidly together and the male holding

I Urnpqua R{ver the female’s left pectoral fin in his mouth. By twisting
¯. _ coos Bay V his body under hers, the male is able to insert his left

Rogue River clasper into the female’s cloaca. Hence, coitus occurs

i Klamath River !i!!!!i! iiii!i!!! il;!~iii!ii!i!!~.iil while swimming, with the male retaining the female’s
Humboldt Bay :i~ !~} .l~lii.:i!i:::: pectoral fin in his mouth the entire time (Ackerman

Ee~ R~vor i~:iiiii~ i:~.:~::~i:;:~::~i:i~i~l. :.: :~: ;~ii::iiiii:~1971 ). Females give birth from March through August,
Tomales Bay i~i i.~ :,:,~:] :::ii!:iiiiii:: with an Awil or May peak (Ackerman 1971, Talenti Cent SanFran. Bay* ~ O O! O * ~,~o,c~t,a~sa, S. Smith1973, unpubl.manuscr.).

Framdsco, Suisun,South San Fran. Bay ¯ ¯ O! O and San Pablo bays.
Elkhorn Stough

Morro Bay

Santa Monica Bay :,~ i~ :i~:; ’~ Growth and DevelopmentSan Pedro Bay 118

i Alamitos Bay
Anaheim Bay
Newport Bay ~/ Embryonic development is direct and internal. The
Mission Bay

I San D=~o Bay q ql
required developmental period for embryos appearsto
be 10-12 months (Ackerman 1971 ).

Tijuana Estuary

A P J M Age and Size of Larvae: ’~There is no larval stage;
embryonic development is direct and internal.

disperse in fall and winter in San Francisco Bay during

~.
months of high freshwater outflows (S. Smith, unpubl. Juvenile Size Range: Young are 18-20 cm long at birth
manuscr.). (S. Smith unpubl, manuscr.).

Mi0rations an~ Movements:. Most adult leopard sharks Age and Size of Adults: Females may take 12-14 years
leave Elkhorn Slough by June, but begin to return by and be 110-129 cm long before reaching maturity.
October (Talent 1973); juveniles have their highest Malesmatureearlierandatsmallersizesthanfemales
abundance in Elkhorn Slough in the summer. Tagging (Ackerman 1971, Compagno 1984). The maximum

~ studies in San Francisco Bay showed that most sharks recorded length is 1.8 m. Growth is apparently slow,
resided in the Bay from March to September, but tagged fish grew only 1.4 cm/yr (S. Smith unpubl.
dispersed both inside and outsidethe Bay from October manuscr.). Calcified rings (useful for aging a fish) are
through February One tagged sharkwas recovered in laid down in vertebral centra sometime between May
Elkhorn Slough, i 40 km south of San Francisco Bay and September each year (Smith 1984).

I unpubl, manuscr.). Leopard sharks may(s. Smith
for.m large schools mixed with gray or brown Feed and Feeding

. srnoothhound sharks (Mustelus cafifomicus and M. Trophic Mode: Juveniles and adults are carnivorous,
iienleO (Compagno 1984). Schools appear to be feeding primarily on benthic and epibenthic crustacea.
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Leopard shark continued

However, large adults also feed on pelagic fishes such levels of fishes in Morro Bay, California as determined
asnorthernanchovy(Engraulismordax)(Russo1975), by ultrasonic tagging. M.S. Thesis, Calif. Polytech.

S̄tate Univ., San Luis Obispo, CA, 51 p.
Food Items: Young, smaller leopard sharks feed heavily
on crabs (e.g., yellow shore crab, Hemigrapsus Ebert, D.A. 1986. Observations ontheelasmobranch ’
oregonensis) and other crustacea. As leopard sharks assemblage of San Francisco Bay. Calif. Fish Game
grow (80-130 cm long), echinuroid worms (Urechis 72(4):244-249.
caupo),fisheggs, andclamsiphonsbecomeimportant
prey. Larger adults (>130 cm in length) feed primarily Eschmeyer, W. N., W. S. Herald, and H. Hammann.
on fish (Ackerman 1971, Russo 1975, Talent 1976). 1983. A field guide to Pacific coast fishes of North
Commonpreyincludeghostshrimp(Cailianassaspp.), America. Houghton Mifflin Co., Boston, MAI 336 p.
rock crabs (Cancer spp.), octopus (Octopus spp.),
shiner perch (Cymatogaster aggregata), arrow goby Feder, H. M., C. H. Turner, and C. Limbaugh. 1974.
(Cle~,elandia ios), Pacific herring (Clupea pallas1), Observations on fishes associated with kelp beds in
topsmelt (Atherinops affinis), and northern anchovysouthern California. Calif. Fish Game, Fish Bull. 160,
(Talent 1973, Russo 1975, Talent 1976). 144 p.

Biological Interactions Herald, E. S., and W. E. Ripley. 1951. The relative
Predation: The leopard shark probably has no major abundanceofsharksandbatstingraysinSanFrancisco
predators except man. Bay. Calif. Fish Game 37(3):315-329.

Factors Influencing PoDulations: Recent reductions in Jones and Stokes Associates, Inc. 1981. Ecological
shark numbers in San Francisco Bay may be due to characterization of the central and northern California
reduced salinity, warmwater, orover-harvesting(Ebert coastal region. Volume II, Part 2, Species. U.S. Fish
1986). Populations may also be adversely affected by Wildl. Serv., Off. Biol. Sew., and Bureau Land Manag.,
pollutants (Russo 1975). High pesticideconcentrations Pacific Outer Contin. Shelf Off., Washington, D.C.,
in the livers of leopard sharks may relate to its benthic FWS/OBS-80/46.2, various pagination.
feeding habits and preference for nearshore habitat. A
large shark die-off of unknown origin occurred in San Miller, D. J., and R. N. Lea. 1972. Guide to the coastal
Francisco Bay in 1967 (Russo and Herald 1968). madne fishes of California. Calif. Fish Game, Fish Bull.
However, a connection between pollutant loads and 157, 235 p.
die-offs has not been established.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
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Acipenser medirostris
Adult

25 cm

Common Name: green sturgeon .In~licator of Environmental Stress: Since the green
Scientific Name: Acipenser medirostris sturgeon is long-lived, it may concentrate contaminants.
OtherCommon Names: Sakhalin sturgeonor sterlyad However, no chemical body burden information is
in USSR (Scott and Crossman 1973) presently available.
Classification (Robins et al. 1980)
Phylum: Chordata Ecolo0ical: This species is not highly abundant in any
Class: Osteichthyes Pacific coast estuary, and very little is known about its
Order: Acipenseriformes life history (spawning areas, marine distributions,
Family: Acipenseridae migrations, etc.). The green sturgeon is more marine-

oriented than white sturgeon and spends limited time in
Value fresh water (except perhaps early juveniles and
Commercial: The green sturgeon is commercially spawning adults).
caught with white sturgeon (A. transmontanus) in the
Columbia River estuary, Grays Harbor, and Willapa Range:
Bay, Washington: It is not as valuable as the white Overall: The green sturgeon’s overall range is along
sturgeon because its meat is considered inferior. The the Pacific coast from Ensenada, Mexico (Moyle 1976)
green sturgeon is often captured while gillnetting for to southeast Alaska. It is also found in Asia (north
salmon (Oncorhynchus spp.) in estuaries. The green Japan, Korea, and Sakhalin) (Wydoski and Whitney
sturgeon is rarely captured in the trawl fishery. In 1979).
Washington, an average of 4.7 and 15.9 t are annually
landed in Grays Harbor and Willapa Bay, respectively Within StudyArea: This species occurs in lower reaches
(G. Kreitman, Washington Department of Fisheries, of larger rivers. It appears to be the most common
Battle Ground, WA, pers. comm.). It is the primary sturgeon in the Klamath River (Fry 1973, Tuss et al.
bottomfish landed in Willapa Bay. In 1986, during a 4- 1987) and Will.apa Bay (Table 1 ).
day commercial sturgeon season in the Columbia
River estuary, 5,000 green sturgeon were captured (S. Life Mode
King, Oregon Department of Fish and Wildlife, Eggs, juveniles, and adults are alldemersal. Eggs are
Clackamas, OR, pers. comm.). The green sturgeon is probably similartothe white sturgeon’s, being adhesive
also gillnetted by Native Americans in Grays Harbor to substrates after fertilization. Larvae, juveniles, and
and the Klamath River, California. adults are benthic feeders.

Recreationa!: The green sturgeon is incidentally Habitat
captured during the white sturgeon sport fishery in T_.yj~: Green sturgeon larvae have not been positively
many estuaries. However, thisspeciesdoesnotappear identified, but they probably inhabit similar benthic
to take a hook as readily as the white sturgeon, freshwaterareas as do white sturgeon larvae (Stevens

- and Miller 1970). Juveniles mayoccurin shallowwater
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Green sturgeon continued

summer and fall. Juvenile emigration through the
Table 1. Relative abundance of green sturgeon lower Klamath River may peak in September (CH2M

in 32 U.S. Pacific coast estuaries. Hill 1985). Juveniles appear to remain near estuaries
Life Stage at first, but as they grow, they can become highly

Estuary___ A S J L E migratory and move out to nearshore waters. Adults
-- Puget Sound i.~.i, iiiiiiiiii iiiiiiiiiiiii! iiiiiiiii!i iiiiiiiiiiiRelative abundance: appear to move into estuaries and rivers to feed and

!i!iii!i!i iiiiiiiiiii!:iiiiiillAbundant The green sturgeon seldom migrates far up rivers or
..... Y Rare

_ Willapa Bay O Blank Not present extensively upthe Klamath and Trinity Rivers, California.
Columbia River O Some travel long distances in the ocean; fish tagged in

NehalemBay the Sacramento-San Joaquin estuary have been
T{[larnook Bay , -q Ufe stage: collected from the Columbia River and Grays Harbor 1-

S - Spawning adults

YaquinaBay ~i i:iiiiiiii!ii ii~ !iii!iiiii iiiii~:ii:ii L-Larvae July (CH2M Hill 1985). Adults appearto migrate back
...................... ~:~:~:~:~ to the ocean during summer and fall.

sius~aw River
Umpqu~.River (3 !~/ Reproduction

Coos Bay (3 C~ Mode: The green sturgeon is gonochoristic, oviparous,
Rogue River (3 (3 and iteroparous. It is a broadcast spawner; eggs are

Cent. San Fran, Bay" (3 0 (3 * Includes Central San
F~=,Sui,u,, The only known spawning site in the U.S.S.R. is the

South Ban Fran. Bay O O: and San Pablo bays. .TumninRiver(ArtyukhinandAndronov1990). Adults
EIkhorn Slough spawn in spring and early summer in California, and

Morro Bay between March and July (with a peak from mid-April to

Newport Bay
WA, pers. comm.). Females broadcast spawn nearM~=~on Bay
appropriate substrate (believed to range from cleans~ o~,~o Bay
sand to bedrock) and at relatively fast water flows.Tijuana Estuary
Water depths in spawning areas are probably greater

A S J L E than 3 m.

Radtke 1966), and probably moveto deeper and more Fecundity: Fecundity ranges from 60,000 to 140,000
saline areas as they grow. Adults are euryhaline and eggs per female (Artyukhin and Andronov 1990).
reside in subtidal areas.

Growth and Development
~: Spawning substrate is probably similar to Because eggs and larvae have not been described, the
that preferred by other sturgeon, (i.e., large cobble), following information is inferred from what is known for
Adults and juveniles are found primarily on clean sand. white sturgeon, a very similar species.

Physical/ChemicalGharacteristics:Juvenilesarefound Ego_ Size and Emb.ryonic Development: Eggs are
in marine, estuarine, and freshwater habitats (Radtke probably 4 mm in diameter and darkly pigmented
1966). Adults are primarily marine. (Wang et. al. 1985). Embryonicdevelopment is indirect

and external. Time to hatching is 196 hours at 12.7°C
Migrations and Movements: Juveniles are common in (Artyukhin and Andronov 1990).
freshwater areas of the San Joaquin Delta, California,
in summer (Radtke 1966), and alsoin the lower Klamath Age and Size of Larvae: Larval development has not
River (Tuss et al. 1987). Juveniles migrate out to sea been described, but larvae in the U.S. may be 8 to 19
before they are two years old and primarily during mm (Kohlhorst 1976). Larvae inthe U.S.S.R. are about
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Green sturgeon continued

12.3 mm long at hatching (Artyukhin and Andronov Khoroshko, P.N. 1972. The amount of water in the
1990). Volga Basin and its effect on the reproduction of

sturgeon (Acipenseridae) under conditions of normal
Juvenile Size Ra!3oe: Min~numjuvenile size is unknown, and regulated discharge. J. Ichthyol. 12: 608-615.
but is probably ~-.0 cm; maximum juvenile size is
probably about 1.5 m. Kohlhorst, D.W. 1976. Sturgeon spawning in the

Sacramento River in 1973, as determined by distribution
Ageand SizeofAdults:Adultscan reach a length of 2.1 of larvae. Calif. Fish Game 62(1):32-40.
m and weigh 136 kg (Hart 1973). Very little age data
exists, but the estimated maximum age for Klamath Kohlhorst, D.W. 1980. Recent trends in the white

FoodRiver green sturgeon is 60 years (CH2M Hill 1985). sturgeon population in California’s Sacramento-Sanand Feeding Joaquin estuary. Calif. Fish Game 66(4):210-219.

Tro_Dhic .Mode: Larvae initially feed on their yolk sac. Miller, L.W. 1972. Migrationsofsturgeontaggedinthe
Juveniles and adults are primarily carnivorous benthic Sacramento-San Joaquin estuary. Calif. Fish Game

feeders. 58(2):102-106.

Food items: Young feed on benthic invertebrates. Moyle, P. B. 1976. Inland fishes of California. Univ.
Adultsandlargerjuvenilesfeedonbenthicinvertebrates, Calif. Press, Berkeley, CA, 405 p.
epibenthic invertebrates, and small fish (Radtke 1966).

Radtke, L. D. 1966. Distribution of smelt, juvenile
Biological Interactions sturgeon, and starry flounder in the Sacramento-San
Predation: Eggs, larvae, and small juveniles are Joaquindeltawithobservationsonfoodofsturgeon./n
probablypreyeduponbynumerousfishspecies. Large J.L. Turner and D. W. Kelley (compilers), Ecological
green sturgeon have few known predators except for studies of the Sacramento-San Joaquin delta, Part II,
man and some large marine mammals. Fishes of the delta. Calif. Fish Game, Fish Bull.

Factors Influencing Po.Dul~,ti0n~i Riverflow (Khoroshko
1972, Kohlhorst 1980), watertemperature, and salinity Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
may affect survival of larvae and juveniles. E.A. Lachner, R.N. Lea, andW.B.Scott. 1980. Alist
Bioaccumulation of polychlorinated biphenyls or other of common and scientific names of fishes from the
contaminants may reduce sturgeon survival. The United States and Canada. Am. Fish. Soc. Spec. Publ.
overall numberof adult females in the population may No. 12. Am. Fish. Soc., Bethesda, MD, 174 p.
be important because they mature late in life and
probably not all females spawn every year. Very little Scott, W. B., and E. J. Crossman. 1973. Freshwater
is known about this species and there is need for more fishes of Canada. Fish. Res. Board Can., Bull. No. 184,
research into all aspects of its biology and ecology. 966 p.

References Stevens, D. E., and L. W. Miller. 1970. Distribution of
sturgeon larvae in the Sacramento-San Joaquin River

Artyukhin, E. N., and A. E. Andronov. 1990. A system. Calif. Fish Game 56 (2):80-86.
morphological study of the green sturgeon, Acipenser
medirostris (Chondrostei, Acipenseridae), from the Tuss, D., T. Kisanuki, J. Larson, J. Polos, and T.
Tumnin (Datta) River and some aspects ofthe ecology Frazer. 1987. Klamath River fisheries investigation
and zoogeography of the Acipenseridae. J. Ichthyol. program. Annual Rep. 1986. U.S. Fish Wildl. Sew.,
30(7):11-22. Arcata, CA, 93 p.

CH2M Hill. 1985. Klamath River basin fisheries Wang, Y. L., E. P. Binkowski, and S. I. Doroshov. 1985.
resource plan. U.S. Dept. Inter., various pagination. Effect of temperature on early development of white

sturgeon and lake stu rg eon, Acipensertransmontanus
Fry, D. H., Jr. 1973. Anadromous fishes of California. and A. fulvescens. Env. Biol. Fish. 14 (1) 43-51.
Calif. Dept. Fish Game, Sacramento, CA, 41 p.

Wydoski, R. S., and R. R. Whitney. 1979. Inland fishes
Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. of Washington. Univ. Wash. Press, Seattle, WA,
Board Can., Bull. No. 180, 740 p. 220 p.
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Acipenser transmontanus
Adult

25 cm

Common name: white sturgeon found in the bile of white sturgeon identified thei
Scientific Name: Acipensertransmontanus exposure to petroleum hydrocarbons from an oil spi’,
Other Common Names: Pacific sturgeon, Oregon (Krahn et al. 1986).
sturgeon, Columbia sturgeon, Sacramento sturgeon
Classification (Robins et al. 1980) Ecolo0ical: AIthoughthe white sturgeon is anadromous
Phylum: Chordata it is capable of completing its entire life Cycle in fresl
Class: Osteichthyes water. It generally spawns in large rivers and spend:
Order: Acipensiformes time in both marine and fresh water. However, dam’.
Family: Acipenseridae have created landlocked populations because th~

species doe~ not normally use fish ladders.
Value
Commercial: The white sturgeon is primarily captured Range
incidentallywhilegillnettingforsalmon(Oncorhynchus Overag: The white sturgeon’s overall range is fror
spp.), but has recently become a target fishery. Inthe Ensenada, Mexico (Moyle 1976) to Cook Inlet i
Columbia River, 199 t were landed in 1985. Washington northwestern Alaska (Wydoski and Whitney 1979).
State total landings were nearly 46 t in 1985 (G:
Kreitman, Washington Department of Fisheries, Battle Within Study Area: This species is found in too.’
Ground, WA, pers. comm.)..Roe is valuable caviar, estuaries on the Pacific coast from San FranciscoBa,.
Columbia River sturgeon production is second onlyto California, north to Grays Harbor, Washington, but .
the total Soviet Union production. This species is an rare in Puget Sound and Hood Canal, Washingt¢
important fish for Native American fishermen in the (Table 1). It is most common in estuaries of larg
Columbia River and Klamath River, California. Private rivers.
aquaculture operations in California are capable of
producing a 4.5 kg fish in 30 months (Anderson 1988). Life Mode

It is principally an anadromous species. Adult
Recreational: The white sturgeon is the focus of an juveniles, and eggs are demersal. Eggs are adhesi\
intense sport fishery inthe lower Columbia River; after fertilization.
62,400 were landed in this fishery during 1987 (Bohn
and Mclsaac 1988). Sport fisheries also exist in the Habitat
Sacramento-San Joaquin Delta of California, Willapa T_.VJ;~: Larvae and very young juveniles are riverin
Bay, Washington, and other estuaries. Older juveniles and adults are found in riverin

estuarine, and marine waters. However, the older li
Indicator of Environmental Stre~: River flow may stages are primarily found in riverine and estuari~
affect larval dispersal and survival. Because of its long areas. The white sturgeon is not usually found
life span,the whitesturgeon mayconcentrate pollutants intertidal areas, although it may feed on intertidal fl~
in its flesh. Metabolites from aromatic hydrocarbons at hightide. Waterflowis imPortant to the downstre~
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White sturgeon continued

1985). Eggs, larvae, and small juveniles are found only
Table 1. Relative abundance of white sturgeon infreshwater. Olderjuvenilesarecommoninfreshwater

in 32 U.S. Pacific coast estuaries, areas of the Columbia River estuary.
Life Stage

II E.~_~__ A S J L ..El Migrations and Movements: Initially after hatching (in
..... ,~ a hatchery or laboratory), fry are found throughout the
¯.. ~ water colu mn. Within 5 to 6 days, fry become negatively

Skagit Bay i.iiiiiiiii iiiiiiiiiii:, iiii!!!!i iiiiiiiill::::!:i:i:i:,ii::::!’
@0    CommonAbUndant phototaxic and primarily benthic (Conte et al. 1988).

!~i!~!!!ii ~:ii iiiiiilil iiiiiiiiiii ..,/ Rare General movements for juveniles and adults exist, but
Wil~apaBay O I~ Blank Notpresent no "migration" has been established. Large white

tl
Columbia River O @ sturgeon appearto move upstreamtospawning grounds

Nehalem Bay I~ O in late winter and spring and downstream in fall and
Tillamook Bay O i ...........O Life stage: winter (Miller 1972). Movement is probably related to

siletz River ili;i!i!~!!: i!ilili;~i iiil;iiiii’ililiiii;iiiS- Spawning adults both spawning and feeding conditions (Bajkov 1951 ).
J- Juveniles Some individuals move extensively (between California

Yaquina Bay ii~ li,i.i.i.i.i ~i :iiiiiiiii: iiiiiiiiiL- Larvae and Oregon or Washington), but most do not (Stockley
Alsea River iii~i~i~i!:i!!i!iii:iiii:ii~ii ii:ii:ii!ii:iil i!iiiiii~iiii

E- Eggs
1981 ). The creation of dams/impoundments has

Siuslaw River
Umpqua River

Coos Bay
Rogue River

Klamath River !iii~ii ii:iliiii:!! i i~ iiii::i::i::i ii::::::;!iiiii Mode:Thewhitesturgeonisgonochoristic, oviparous,
Humboldt Bay

I!
Eel River i!ii!ii!!!!!!! iii~ii;iiiiiiiiiiiiiiiii fertilized externally.

cen~ s~ Fran. Bay* ~ @ O ~es Ce,~r~ s~, Matina/S~awnina: Spawning occurs during the springFrancisco, Suisun, - . -
South San Fray. Bay O O and San pablo bays. inareaswithswiftcurrentsandlargecobbleorboulders.

ElkhornSIough Peak spawning in the Sacramento River occurs at

~1 MorroBay I 14.4°C (Kohlhorst 1976). In the Columbia River,
Sant~ Moni,= Bay

i!i;!!!i .......i~:~ili::iii ii:~iiii!i:~: ii:~iii!ii=~!spawning apparently occurs at temperatures of 13-
;i;i~;;~; 20°C (end of May to early July) below John Day Dam

AlamitosBay

iiiii!1iiiii:: iiiiiill lii fill
(Palmer et a!. 1988), and 10-16°C below Bonneville

Anaheim Bay iiiiiiii!ii!!i!! Dam (late April to early July)(McCabe and McConnell
Newport Bay 1988). Females do not spawn annually, but every 3-5
MissionBay years. They broadcast spawn near appropriate

1
San Diego Bay substrate and water flow; nest is built.no

Tijuana Estuary

~ A S J L E Fecundity: The white sturgeon is very fecund; a 2.7 m
long female in California contained 4.7 million eggs

movement of larvae. Subyearlings are common during (Moyle 1976).
.. the summer in shallow freshwater areas of the San

~. ~. Joaquin Delta (Radtke 1966). In the Columbia River, Growth and Development
:. small juveniles appear to prefer deep-water channel EqqSizeandEmbry’_onicDevelopment:Whitesturgeon

habitat, eggs are 4.0 mm in diameter, and darkly pigmented
(Wang et al. 1985). Eggs hatch in approximately seven

.~z~: Adults and juveniles occur on a wide range days (depending on temperature) (Conte et al. 1988).
of sediment types, ranging from sandy-mud and coarse
sand to cobble. Spawning substrate is large smooth Age and Size of Larvae: Captured larvae ranged from
cobble or boulders. 8-19 mm in total length (Kohlhorst 1976), whilecultured

larvae averaged 12.6 mm (Wang et al. 1985). Fry yolk
Physical/Chemical Characteristics: Best egg sacs are depleted and active feeding begins

" development and survival in a hatchery is 14-16°C, approximately12daysafterhatching(Anderson1988).
although incubation is possible from 10-18°C (Wang et
al. 1985). The white sturgeon is a euryhaline species, J~venile Size Rang~: Newly-metamorphosed juveniles
althoughyoungerandsmallerfishdonot osmoregulate are about 20 mm long. Older juveniles may be 1.2 m

. ... as well as larger, older individuals (McEnroe and Cech or longer before matu ring.
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White sturgeon continued

Aae and Size of Adults: The white sturgeon is a very References
slow-growing, late-maturing fish. Growth and maturity
are highly variable. I~r California, females mature atAnderson, R.S. 1988. Columbia River sturgeon
approximately 11 years and 1.2 m long (Moyle 1976). Wash. Sea Grant, Seattle, WA, 19 p. (WSG-AS 88-
In Oregon, some female white sturgeon mature at 14).
about 15 years and 1.7 m long (Stockley 1981 ). Males
mature earlier and at a shorter length. The life span of Bajkov. A. D. 1951. Migration of white sturgeor
white sturgeon is unknown, but probably exceeds 100 (Acipenser transmontanus) in the Columbia River
years. There are reports of some fish weighing more Fish Comm. Oreg. Res. Briefs 3(2):8-21.
than 816 kg and almost 6 m long (Anderson 1988).
WhitesturgeonareNorthAmerica’slargestfreshwater Bohn, B. R., and D. Mclsaac. 1988. Columbia Rive:
fish. fish runs and fisheries 1960-1987. Oreg. Dept. Fisl

Wildi. and Wash. Dept. Fish., Clackamas, OR, 83 p.
Food and Feeding
TroDhicMode:Larvaefeedontheiryolksac. Juveniles Conte, F. S., S. I. Doroshov, P. B. Lutes, and E. M
and adults are primarily benthic carnivores. Strange. 1988. Hatchery manual forthe white sturgeoi

Acipensertransmontanus Richardson with applicatiol
Food items: Very small juveniles probably feed on to other North American Acipenseridae. Publ. No
benthic algae and small invertebrates. Juveniles 3322, Coop. Extension, Div. Agricui. Nat. Res., Univ
consume benthic and epibenthic invertebrates, Calif., Oakland, CA, 104p.
including amphipods, shrimp, mysids, bivalves, and
insect larvae (Radtke 1966). Larger juveniles and Hung, S. S. O., P. B. Lutes, F. S. Conte, and -[
adults feed on benthic invertebrates and fish such as Storebakken. 1989. Growth and feed efficiency ¢
eulachon(Thaleich~yspacificus)andnorthernaP~,hovy white sturgeon (Acipenser transmontanus) sub
(Engraulis mordax). They also feed on clams, yearlings atdifferentfeeding rates. Aquacuit.80:147
amphipods, Crangon shrimp, ghost shrimp ( Callianasa 153.
spp.), mud shrimp.(Upogebia spp.), and other benthic
invertebrates (Semakula and Larkin 1968, Muir et al. Khoroshko, P. N. 1972. The amount of water in th,
1988)i Optimum growth of hatchery juveniles occurs Volga Basin and its effect on the reproduction c
whenfedadietconsistingof40%crudeprotein (Moore sturgeon (Acipenseridae) under conditions of norm~-
et al. i988). Theoptimal feeding rate forsubyearlings and.regulated discharge. J. Ichthy. 12:608-615.
at 18°C is between 1.5 and 2.0% of their body weight
perday (Hung et al. 1989). Kohlhorst, D. W. 1976. Sturgeon spawning in th

Sacramento River in 1973, as determined by distributio
Biological Interactions of larvae. Calif. Fish. Game 62(1 ):32-40.
Predation: Eggs, larvae, and small juveniles are
probablypreyeduponbynumerousfishspecies. Larger Krahn, M. M., L. J. Kittle, Jr., and W. D. MacLeod, J
juveniles and adult white sturgeon are primarily taken 1986. Evidence for exposure of fish to oil spilled in1
by man, however, some may be eaten by marine the Columbia River. Mar. Envir. Res. 20:291-298.
mammals.

McCabe, G. T. , Jr., and R. J. McConnell. 198~
Factors Influencing Po.Dulations: Dams have created Appendix D. InA. A. Nigro (editor), Status and habit;
landlocked populations and destroyed spawning requirements of white sturgeon populations in tt-
grounds. Bioaccumulation of contaminants such as Columbia River downstream from McNary Dam, I
polychlorinated biphenyls may inhibit growth and impair 114-139. Annual Prog. Rep., July 1987 - March 198;
egg and larval survival (Parsley et al. 1989). High Bonneville PowerAdmin., Portland, OR.
temperatures (>20°C) may reduce larval viability (Wang
et al. 1985). Overfishing could reduce the adult McEnroe, M.,andJ.J.Cech, Jr. 1985. Osmoregulatic
spawning stock, although present regulationsprohibit in juvenile and adult white sturgeon, Acipens
taking fish longer than 6 ft (1.8 m total length) in transmontanus. Env. Biol. Fish. 14(1):23-30.
Oregon, Washington, and California. Reduced river
flows may also hindersturgeon production (Khoroshko Miller, L.W. 1972. Migration of sturgeon tagged in tl
1972). Sacramento-San Joaquin estuary. Calif. Fish Gan

58(2):102-106.
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White sturgeon continued

~ Moore, B. J., S. S. O. Hung, and J. F. Medrano. 1988.
’ Protein requirement of hatchery-produced juvenile white
¯ sturgeon (Acipensertransmontanus). Aquacult. 71:235-
245.

Moyle, P. B. 1976. Inland fishes of California. Univ.
Calif. Press, Berkeley, CA, 405 p.

Muir, W. D., R. L. Emmett, R. J. McConnell. 1988. Diet
of juvenile white sturgeon in the lower Columbia River
and its estuary. Calif. Fish Game. 74(1 ):49-54.

Palmer, D. E., M. J. Parsley, and L. G. Beckman. 1988.
Appendix C. InA. A. Nigro (editor), Status and habitat
requirements of white sturgeon populations in the
Columbia River downstream from McNary Dam, p. 89-
113. Annual Prog. Rep., July 1987 - March 1988,
Bonneville Power Admin., Portland, OR.

Parsley, M. J., S. D. Duke, T. J. Underwood, and L. G.
.Beckman. 1989. Report C. In A. A. Nigro (editor),
Status and habitat requirements of white sturgeon
populations in the Columbia River downstream from
McNary Dam, p. 101-166. Annual Prog. Rep., April
1988- March 1989, Bonneville Power Admin., Portland,
OR.

Radtke, L. D. 1966. Distribution of smelt, juvenile
sturgeon, and starry flounder in the Sacramento-San
Joaquin delta with observations on food of sturgeon. In
J. L. Tumer and D. W. Kelley (compilers), Ecological
studies of the Sacramento-San Joaquin delta, Part II,
Fishes of the delta. Calif. Fish Game, Fish. Bull,
136:115-129.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
..E.A. Lachner, R. N. Lea, and W. B. Scott. 1980. A list
.of common and scientific names of fishes from the
United States and Canada. Am. Fish. Soc. Spec. Publ.

rNo. 12, Am. Fish. Soc., Bethesda, MD, 174 p.

Semakula, S. N., and P. A. Larkin. 1968. Age, growth,
..iiii’~food, and yield of white sturgeon (Acipenser
~"!~t~transmontanus) of the Fraser River, British Columbia.

~J. Fish. Res. Board Can. 25:2589-2602.

Stockley, C. 1981. Columbia River sturgeon. Prog.
~Rep. No. 150, Wash. Dept. Fish., Olympia, WA, 28 p.

Wang, y. L., E. P. Binkowski, andS. I. Doroshov. 1985.
Effect of temperature on early development of white
Sturgeon and lake sturgeon, Acipensertransmontanus

’~and A. fulvescens. Env. Biol. Fish. 14 (1):43-51.

~Wydoski, R. S., and R. R. Whitney. 1979. Inland fishes
ngton, Univ. Wash. Press, Seattle, WA, 220 p.
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Alosa sapidissima
Adult

25 cm

Common Name: American shad sport fishery (such as for salmonids) has not developed.
Scientific Name: Alosa sapidissima The Sacramento River harvest is all recreational (Moyle
Other Common Names: Atlantic shad, Potomac shad, 1976).
shad, whitesl~ad, common shad, North River shad,
Connecticut River shad, Alose (Scott and Crossman Indicatorof Environmental Stress: This species is very
1973) temperature-sensitive and many aspects of its life
Classification (Robins et al. 1980) cycle are cued by specific temperatures.
Phylum: Chordata
Class: Osteichthyes Ecological: The introduction of American shad to the
Order: Clupeiformes Pacific coast does not appear to have displaced native
Family: Clupeidae . . species, but competition may occur. Juvenile shad in

fresh water and estuaries are prey for salmonids and
Value many other fish and birds.
Commercial: The American shad was introduced to the
Pacific coast in 1871, 1885, and 1886 (Craig and Range
Hacker 1940). It has since proliferated and now is Overall: The American shad is found along the eas
highly abundant in many Western rivers and estuaries, coast of North America from Florida to Newfoundland
Average minimum run size for the Columbia River is It also ranges along the Pacific coast from San Pedro
>1.4 million fish/year for the past five years (Bohn and California, to Cooks Inlet, Alaska, and the Kamchatk~
Mclsaac 1988). In the Sacramento-San Joaquin River, Peninsula on the Asiatic side of the North Pacific (Scot
California, run sizes range from 0.7 to 4.0 million fish/ and Crossman 1973).
year. Commercial fishermen primarily use gill nets for
this species. The commercial harvest of Shad in WithinStudyArea:Thisspeciesisfoundinallestuarie.’
California rivers was terminated in 1957 (Stevens et al. that have rivers with appropriate spawnin~ habitat, bu
1987) due to conflicts with salmonid (Oncorhynchus primarilyoccursfromSanFranciscoBay, California, to
spp.) resources and sport anglers. Large Pacific coast Puget Sound, Washington (Table 1 ).
commercial catches were once common, but only
small catches presently occur because of poor market Life Mode: Eggs are semibuoyant and float downstrear
demand and conflicts with the incidental catch of near the bottom in slow currents. Larvae, juvenile,’
salmonids. In Oregon, it can only be commercially and adults are nektonic and pelagic.
caught in the Columbia River. In 1987, 159 t (121,000
fish) were caught in the.Columbia River (Bohn and Habitat
Mclsaac 1988). .T.Y_P.~: Eggs are demersal. Larvae are pelagic, but ar

found in shallow water, primarily along river bar
Recreational: The American shad is considered a good areas. Juveniles and adults are also pelagic. Juvenile
sport fish for light tackle, but an intense Pacific coast rear in rivers and estuaries before moving offshor~
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American shad continued

:’ while in the ocean (Neves and Depres 1979), and their
Table 1. Relative abundance of American shad migration patterns are closely linked with water

in 32 U.S. Pacific coast estuaries, temperature. Optimum temperatures for egg survival
Life Stage are 15.5-26.6°C (Leggett and Whitney 1972). Dissolved

Estuary    A S J L E oxygen (DO) levels above 4.0 mg/I are needed for
............... ~=~= spawning (Facey and Van Den Avyle 1986) and DO

necessary for all life stages (Facey and Van Den Avyle
Grays Harbor ~i .......... ~ Rare 1986, Weiss-Glanz et al. !986). Spawning occurs in

Willapa Ray (~ (~) Blank Not present water flows of 30.5 to 91.0 cm/sec.
Columbia River ~) O ¯

NehalernBay q ~/ Migrations and Movements: Juveniles begin their
Tillamook Bay q life stage: downstream migration in late summer and fall when

........... S - Spawning adulls water temperatu re approaches 15.5°C. Most juveniles
Siletz River i!~::::::!!ii i]i:~ii:~::i:: ..........::::::::::~ ............J-Juveniles Will migrate out to sea before winter, but some may

Alsea River !~! iiiiiiiiiii ii~ iiiili!iiiiiiiiiiiii
E- Eggs reside morethan a year in rivers and estuaries (Stevens

et al. 1987). A schooling species, adults return primarily
Siuslaw River (~) i~ to their natal river, but there is some straying. Adults
Umpqua River (~) ~) begin entering estuaries when watertemperatures are

CoosBay (~ (~ ¯ ~] I~ 10-15°C, and typically remain there for two or three
RogueRiver (~) I~) days before moving upstream (Leggett and O’Boyle

Klamath River !81 iiiiiii ! ~!.i! i: !: i: !: i l ! !i i!! 1976). Adult upstream migration typically peaks in
.................... ~;~;~’:~;~ spring when the water temperature is near 18.5°C,

Cent. San Fran. Bay * ¯ ¯ * Includes Central San
’ F,~ncl~o, Su~s~n, vertically, following the diel movements of zooplankton

South San Fran. Bay O and San Pablo bays. (Neves and Depres 1979). Adults and ocean-dwelling
EIkhorn Slough juveniles may be found down to 340 m depth, but most

Morro Bay reside within the 50-100 m isobath (Neves and Depres

Newport Bay ReproductionMission Bay Mode: The American shad is gonochoristic, oviparous,San Di~o Bay
and iteroparous (although manydie after spawning). ItTijuana Estuary is a broadcast spawner; eggs are fertilized externally.

A S J L E

Mating/Spawning: This species returns to its natal river
Reservoirs appear to be ideal rearing habitat for tospawn. Spawningusuallyoccursattemperaturesof
juveniles, therefore, the development of reservoirs on 14-21°C during spring and early summer in the
the Columbia and other rivers appears to have benefitted mainstem of rivers. Many shad die soon after spawning,

¯ this species, with post-spawning survival highest in northern

"

estuaries. Spawners prefer shallow water in gently
.,~: Larvae,juvenilesandadultsarenotsubstrate sloping areas with sand or gravel substrates. Most
selective. Spawning occurs over various substrates, spawning probably occurs during late afternoon and
but primarily over clean sand and gravel, evening (Facey and Van Den Avyle 1986). Before

spawning, males may chase females into a tight circle
Physical/Chemical Characteristics: The American shad and spawning is often indicated by splashing at the
is a euryhaline anadromous species. Eggs cantolerate surface.
moderate salinities (7.5-15.0%o), depending on water

.temperatures (Facey and Van Den Avyle 1986). Fecundity:Spawning females release30,000-300,000
Juveniles rear in both freshwaterand estuarine habitats, eggs, depending on their body size (Moyle 1976). On
Adults apparently need two or three days in estuaries the Atlantic coast, American shad fecundity is reported
to acclimate to fresh water (Weiss-Glanz et al. 1986). to rangefrom 100,000-600,000 eggs per female (Facey
Adults reside within of 3-15°C and Van Dena temperature range Avyle 1986).
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American shad continued

Growth and Development Shad year-class strength appears to be determim
Egg Size and Embryoni~ D~v~loDment: Egg diameters river flow and water temperatures during
are 2.5-3.8 mm after fertilization (Walburg and Nichols immediately after spawning (Leggett 1976). L~
1967). Eggsaren~nadhesiveandslightlyheavierthan survival ultimately determines year-class stre
water. Eggs need adequate water circulation during (Crecco and Savoy 1985). High river flows dt
incubation(FaceyandVanDenAvyle1986).Embryonic spawning and early life stages positively a
development is indirect, and eggs hatch in 4-5 days at population abundances inthe Sacramento-San Joa
15-18°C. river systems (Stevens et al. 1987). Probably

largest factor influencing populations on the P~
Age and Size of Larvae: Larvae are 7-10 mm long at coast has been the creation of dams and reserv
hatching and develop into juveniles in 4-5 weeks and which has both created and destroyed habitat. V~
25 mm long (Walburg and Nichols 1967). irrigation projects can .also have an adverse affe(

shad populations (Stevens et al. 1987) and proper~
Juvenile Size Range: The minimum size of juveniles is bypass systems for adults and juveniles are necess
about 2.5 cm. Sexual maturity is reached when this On the Pacific coast, commercial fishing is pres~
species is about 30-40 cm long. limited due to limited markets and the incidental c;

of depressed salmonid stocks.
Age and Size of Adults: Mature shad range from 30-76
cm total length, with males typically being shorter and References
younger than females. Males are usually three years
old and females four years old when they first mature Bohn, B. R., and D. Mclsaac. 1988. Columbia R
(Moyle 1976). Shad mayliveforsevenyears (Clemens fish runs and fisheries 1960-1987. Oregon Dept. t
and Wilby 1961). Wildl. and Wash. Dept. Fish., Clackamas, OR, 83

Food and Feeding Brodeur, R. D., H. V. Lorz, and W. GI Pearcy. 1;
"l-roDhic Mode: Larvae, juveniles and adults are Food habits and diet variations of pelagic nekton
planktivorous. Oregon and Washington, 1979-1984. U.S. D~

Commer., NOAA, Tech. Rep. NMFS 57, 32 p.
Food items: American shad larvae eat small
zooplankton (copepods and cladocerans) and midge Clemens, W. A., and G. V. Wilby. 1961. Fishes of
larvae and pupae (Facey and Van Den Avyle 1986). Pacific coast of Canada. Fish. Res. Board Can., E
Riverine- and .estuarine-dwelling juveniles consume No. 68. 443 p.
primarily zooplankton, such as copepods, cladocerans
(Daphniaspp.), amphipods (Corophiumspp.), mysids Craig, J. A., and R. L. Hacker. 1940. The history ~
(Neomysisspp.), and shrimp (Crangonspp.) (Stevens d~evelopment of the fisheries of the Columbia Ri~
1966,Hammann 1982). Juveniles also eat aquatic and Fish. Bull., U.S. 32:133-216.
terrestrial insects. The diet of American shad in Pacific
coast marine waters is not well-studied, but likely Crecco, V. A., and T. F. Savoy. 1985. Effects of bi~
consists of euphausiids, copepods, decapod larvae, and abiotic factors on growth and relative surviva
cephalopod larvae, and probably small fishes (Hart young American shad, Alosa sapidissima, in
1973, Brodeur et al. 1987). Connecticut River. Can. J. Fish. Aquat. Sci. 42:16.

Biological Interactions
Predation: Young shad in rivers and estuaries are Facey, D. E., and M. J. Van Den Avyle. 1986. Spec
eaten by white sturgeon (Acipenser transmontanus), profiles: life histories and environmental requireme
juvenile salmonids,walleye (Stizostedianvitreum),bass of coastal fishes and invertebrates (South Atlantic
(Micropterus spp.), striped bass (Morone saxatilis), American shad. U.S. Fish Wildl. Sew. Biol. Rep.
gulls, osprey (Pandionha/iaetus), bald eagles (Haliaetus (11.45). U.S. Army Corps Eng., TR EL-82-4, 18 p.
leucocepha/us), harbor seals (Phoca vitulina), and
otherlargepredators. After moving offshore, theyare Hammann, M.G. 1982. Utilization of the Columl
probably prey for sharks, tuna, porpoises, sea lions, River estuary by American shad, Alosa sapidissL
salmonids, and other piscivorous fishes. (Wilson). M.S. Thesis, Oregon State Univ., Corval

OR, 48 p.
Factors Influencing PoDulations: Alteration of
temperature regimes can affect all life stages (Leggett Hart, J. L. 1973. Pacific fishes of Canada. Fish. R,
and Whitney 1972, Facey and Van Den Avyle 1986). Board Can., Bull. No. 180, 740 p.
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American shad continued

.W.C. 1976. The American shad (Alosa Rep. 82(11.59). U.S. Army Corps Eng., TR EL-82-4,
with-special reference to its migration 16 p.

~namics in the Connecticut River. In
Ierriman and L. M. Thorpe (editors), The Whitehead, P.J.P. 1985. Clupeoidfishesoftheworld.

~~ oonnecticut River ecological study, p. 169-225. Am. An annotated and illustrated catalogue of herrings,
:Fish. SOC. Monog. No. 1, Am. Fish. Soc., Bethesda, sardines, pilchards, sprats, shads, anchovies and wolf-

~D; herrings, Part 1-Chirocentridae, Clupeidae and

I.~..-.
Pristigasteridae. FAO Fish. Synop. 125(7):1-303.

Leggett, W. L., and R. N. O’Boyle. 1976. Osmotic
stress and mortality in adult American shad during
transfer from saltwater to freshwater. J. Fish Biol.
8:459-469.
:.,
leggett, W. C., and R. R. Whitney. 1972. Water
temperature and the migrations of American shad.
Fish. Bull., U.S. 79(3):659-670.

Moyle, P. B. 1976. Inland fishes of California. Univ.
Calif. Press, Berkeley, CA, 405 p.

Neves, R. J., and L. Depres. 1979. The oceanic
migration of American shad, Alosa sapidissima, along
the Atlantic coast. Fish. Bull., U.S. 77(1 ):199-212.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,.
E. A. Lachner, R. N. Lea, and W. B. Scott. 1980. A list
of common and scientific names of fishes from the
United States and Canada. Am. Fish. Soc. Spec. Publ.
No.12, Am. Fish. Soc., Bethesda, MD, 174 p.

Scott, W. B., and E. J. Crossman. 1973. Freshwater
fishes of Canada. Fish. Res. Board Can., Bull. No. 184,
966 p.

Stevens, D. E. 1966. Distribution and food habits of the
American shad, Alosa sapidissima, in the Sacramento-
San Joaquin delta. In J. L. Turner and D. W. Kelley
(compilers), Ecological studies of the Sacramento-San
,Joaquin delta. Calif. Fish Game, Fish Bull. 136:97-114.

Stevens, D. E., H. K. Chadwick, and R. E. Painter.
1987. American shad and striped bass in California’s
Sacramento-San Joaquin River system. Am. Fish.
Soc. Symp. 1:66-78.

Walburg, C. H., and P. R. Nichols. 1967. Biology and
management of the American shad and status of the
fisheries, Atlantic coast of the United States, 1960.
U.S. Fish Wildl. Serv. Spec. Sci. Rep. Fish. No. 550,
105 p,

~Veiss-Glanz, L. S., J. G. Stanley, and J. R. Moring.
1986. Species profiles: life histories and environmental
requirements of coastal fishes and invertebrates (North
Atlantic)--American shad. U.S. Fish Wildl. Sew. Biol.
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Clupea pallasi
Adult

5 cm

Common Name: Pacific herring Indicatorof EnvironmentaIStress: Herring larvae appea
Scientific Name: Clupea pallasi to have high mortality rates in oil-contaminated wate
Other Common Names: California herring, Ches- (Nelson-Smith 1973). The water-soluble fraction c
Pechora herring, eastern herring, herring, Karaherring, crude oil reduces larval feeding and growth at Icy

:i! Pacific Ocean herring, seld, white sea herring concentrations and mortalities at high levels (Lassu,.
Classification (Robins et al. 1980) 1989). Populations show wide fluctuations i~
Phylum:Chordata abundance, apparently related to environmenta
Class: Osteichthyes conditions (see "Factors I nflu e ncing Populations"), an~
Order: Clupeiformes are affected by alterations of bays and estuarie’.
Family: Clupeidae (spawning habitats).

Value Ecological: Seasonally, C. pallasi is one of the mos
"i. Commercial: The Pacific herring has a long history of abundant species in Pacific coast marine and estuarin~

exploitation. It has been sold fresh or salted and also nedtic zones. Juveniles are highly abundant in man’.
used for fish meal. Since 1965, the fishery has Pacific coast estuaries in summer. They are importar
concentrated on gravid females for roe (eggs), which prey for many marine species (e.g., Pacific salmor
are exported primarily to Japan. Presently, over 90% seals, and gulls).
of the Pacific herring caught are in the roe fishery.
Fishermen take advantage of the Pacific herring’s Range
natural spawning cycle by fishing in nearshore areas Overall: The Pacific herring is Arctic-circumboreal. I
when it spawns. They are primarily caught by purse the eastern Pacific it ranges from Ensenada, Baj
seine and gill net. Recent U.S. annual harvests have California, to St. Michael Island and to Cape Bathur~
been 52,600 t, worth $47 million (National Marine intheBeaufortSea(Hart1973).ltisalsofoundinArcti
Fisheries Service 1986). The San Francisco and waters from Coronation Gulf, Canada, to the Chukc!

!. Tomales Bay, California, fishery alone is worth $11 Sea and the USSR arctic. In the western Pacific, it i
million (Suer 1987). Most U.S. harvest comes from found to Toyama Bay, Japan, west to Korea, and th
Alaska, California, and Washington. Since spawning Yellow Sea (Haegele and Schweigert 1985, Wan

~ adults are highly vulnerable ~o overfishing, the fishery 1986).
is strictly regulated (Crosse and Hay 1989). Commercial
bait fisheries (which harvest juveniles) exist in Puget Within Stu~l_vArea:This species is found in most Pacifi
Sound, Washington, and other Pacific coast estuaries coast estuaries north of San Diego, California, b[
(Trumble 1983). occurs primarily north of Point Conception, Californi

(Table 1 ).
Recreations!: The Pacific herring is used as bait for~..

,~ Pacific salmon (Oncorhynchusspp.) and other fishes. Life Mode
However, some are caught for human consumption. Eggs are adhesive after fertilization and attach I
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Pacific herring continued

, . ¯ temperatures of 5-14°C and salinities of 3-33%0
" 1. Relative abundance of Pacificherring (Haegele and Schweigert 1985). Larvae are tolerant of

in 32 U.S. Pacific coast estuaries, salinities ranging from 2-28%0 (Alderdice and Velsen
Life Stage 1971, Alderdice and Hourston 1985). Best spawning

Estuary    A S J L E salinitiesin British Columbia are27.0-28.7%0. (Alderdice
Puget,Sound ::j~i!~ii~’’ ;~ aelativeabundan and Hourston 1985). Optimum temperatures and
Hood Canal ~ ii!~:!!i~]i=ll~ ~ Highlyabun, salinities for egg and larval survival appear to be 5.5-

Abundants~gitBay ii!el¯                   8.7°C and 13-19%o (Alderdice and Velsen 1971).
Grays Harbor     ii~:: ;~ i::il;::.:::.! C:} Common

%/ Rare However, spawning temperatures in California are
WillapaBay C~ O1~} C:} O Blank Notpresent normallyabove9°C(Barnhart1988). Salinitytolerances

ColumbtaRiver C:) O1~C30 of larvae are affected by temperature and salinity
Neha~em Bay ~ ~ ® ~ ~ during egg incubation (AIderdiceand Hourston 1985).
TillamookBay (~) {~11~) (~) Ufe stage: Turbidity in estuaries may increase larval survival

Netarls Bay ~: i:.~ i::~:! i~i !!~ A- Adults (Boehlert and Morgan 1985).

~: ¯, i :1 Miorations and Movements: The Pacific herring does
.......... not make extensive coastal migrations, but moves

siuslaw River O O (~10 C:} onshore and offshore in schools as it spawns and feeds
Un~pquaR~ver ~ ~ ¯1 ~ ~ (Morrow 1980). Adults typically move onshore during

coos~y ¯ I ¯1 ¯ ¯ winter and early spring, residing in "holding" areas
Rogue River %/ OI before moving to adjacent spawning grounds. The

Klamath River !:.:,~i! ili:iiiiii:: :i~ii !iiiiiii :.i!iiiiiii Pacific herring population consists of many discrete
Humboldt Bay !~: !i~ :::ili:i~: i~ stocks (Crosse and Hay 1989). However, offshore

Eel River :.~: i!~ ii~ i ’~ :!~ distributions of adults for many Pacific coast stocks are
’ Tomales Bay i~:,:!~.ilj"i,;~:.,!ij" unknown (Barnhart 1988). Pacific herring return to

Cent. San Fran. Bay * I~ I~ (~i ~} I~ * Includes Central San~nc~=, s~,, natal spawning grounds to spawn. Larvae are easily
southSan Fran. Bay ¯ ¯ Of ¯ ¯ ~s~,P,~,. dispersed by currents, but their behavior and local

Elkhorn Slough (~. ~} (~11~ ~} currents often retain them in specific areas. Juveniles
Morro Bay O Oi usually stay in nearshore shallow-water areas until fall

Santa Monica Bay ii~ii! ii!::!iii!! ii!~!i!i !::iiiiiii: :iiiiiii!i when they disperse to deeper offshore waters.
San Pedro Bay ii~ii ii:iiii:::i ii~iiii i:;ii:iiiii However, they may reside year-round in some estuariesA,~ml,os Bay iiiiiiiii! i!iiii!:!!i

i !i
(San Francisco Bay)(Wang 1986). Adult Pacific herring~n~e~r, Bay iii!ili~ iiii!iiiiii" are found down to 100-150 m, with vertical distributionNew~ort Bay apparently controlled by temperature (Crosse and Hay

M~o,n Bay 1989). Larvae, juveniles, and adults move toward theSan ~ogo Ba: surface to feed at dawn and dusk (Crosse and Hay
Tijuana Estuary

1989).
A S J L E

Reproduction
.~,benthic substrates. Larvae, juveniles, and adults are Mode: This species is gonochoristic, oviparous, and

.:.t4ipelagic, schooling nekton, iteroparous;’ eggs are fertilized externally. It spawns
annually after reaching maturity. ~ .

i~.

are laid in intertidal (3.7 m above mean Mating/Spawning:SpawningoccursfromNovemberin
/ water) and subtidal areas (to 20 m depth), but the southern part of its range to August in the far north.

-’i;i~t:~normally occur in +1 to -2 m depth. Larvae and SpawningpeaksinDecemberandJanuaryinCalifornia
"~F~:.juveniles are neritic and adults are neritic-oceanic (Spratt 1981) and February and March in Puget Sound

(Eldridge and Kail11973, Suer 1987). (Trumble 1983). Herring spawn in the same areas
every year. These areas are high-energy areas, located

:.~.~.~;~: Eggs are found on eelgrass (Zostera spp.), in protected coastal habitats or bays and estuaries, and
:;j:~:.algae, tube worms, Pacific oysters (Crassostreagigas), are usually influenced by .fresh water. Spawning

driftwood, pilings, brush, rocks, and rocky- apparently does not occur until a tactile stimulus (e.g.,
~!:.i:~°sandy bottoms (Garrison and Miller 1982). Larvae, astorm, contactwithbottomorotherfish)causessome

¥ juveniles, and adults occurthroughoutthe water column, males to extrude milt, which in turn stimulates the entire
school to spawn. During spawning both sexes come in

Eggs can tolerate contact with the spawning substrate (Haegele and
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Pacific herring continued

Schweigert 1985). Most spawning occurs at night jellyfish,amphipods,chaetognaths, andvariousfishes.
(Eldridge and Kail11973, Suer 1987). Juveniles and adults are consumed by squid, sharks,

salmonids, gadids, sculpins (Cottus spp.), lingcod
Fecundity: Fecundity increases with female size and (Ophiodon elongatus), sand sole (Psettichthys
ranges from 4,000-134,000 eggs per female (Hart melanostictus), and other fishes. They are also eaten
1973). Fecundity is 227 and 220 eggs/gram of female by many species of birds and marine mammals, such
weight in Tomales Bay and San Francisco Bay, as seals and sperm whales (Physeter catodon) (Hart
respectively (Hardwick1973, RabinandBarnhart1977). 1973, Simenstad et al. 1979, Grosse and Hay 1989).
Size-specific fecundity’ is inversely related to latitude
(Hay 1985). Factors Influencing Po_~ulations: No relation exists

between number of eggs spawned and adult population
Growth and Development size (Pacific Fishery Management Council 1981). Egg
Egg Size and Embry0ni~ Development: Unfertilized and larval mortalities are thought to be the major
eggs are 1.0 mm in diameter (Outram 1955); 1.2-1.5 events influencing population sizes. Eggs and larvae
mmin diameter afterfertilization (Hart 1973). Hatching suffer natural mortalities due to tidal fluctuations,
occurs in 11-12 days at 10.7°C, 14-15 days at 8.5°C, desiccation, freezing, low oxygen, wave action, and
and 28-40 days at 4.4°C (Outram 1955). Most eggs predation. Approximately 98-99% of all larvae are
hatch at night (Alderdice and Velsen 1971 ). killed by predation, competition, and offshore transport.

In general, a clupeoid year-class’ strength appears to
Age and Size of Larvae: Larvae range from 5 mm to be determined within the first 6 months (Smith 1985).
about 26 mm total length (TL). Metamorphosis to Other studies indicate that onshore transport, density-
juvenile begins at about 26 mm TL and is completed by dependent mechanisms, upwelling, sea temperatures,
35 mm TL (Fraser 1922, Stevenson 1962); predation, climate fluctuations, initialfeedingpedodof
metamorphosis takes about 2 to 3 months (Hay 1985). larvae, and larvaldispersalpatterns may all beimportant

in determining population abundances (Lasker 1985,
Juvenile Size Range: Juveniles are 35-150 mm TL, Grosse and Hay 1989). Juveniles and adults are
depending on region. Growth of juveniles is dependent affected by competition, predation, disease, spawning
on population size and environmental conditions (Reilly stress, and fishing. Human and natural alterations of
1988). water quality, prey species, migration rates, spawning

substrate and habitat can also impact populations
Age and Size of Adult~: Adult lengths are from 13-26 (Alaska Department of Fish and Game 1985).
cm TL, depending on region. The Pacific herring
matures in 2 to 3 years in California and 3 to 4 years in References
Washington. It lives up to 19 years and grows to a
maximum length of 38 cm TL (Hart 1973). Northern Alaska Department of Fish and Game. 1985. Alaska
stocks live longer than southern stocks (Wang 1986, habitat management guide. South central region, Vol.
Grosse and Hay 1989). 1" Life histories and habitat requirements of fish and

wildlife. Alaska Dept. Fish Game, Juneau, AK, 429 p.
.Food and Feeding
Trophic Mode: Larvae, juveniles, and adults are Alderdice, D. F., and A. S. Hourston. 1985. Factors
selective pelagic plankton feeders, although filter influencing development and survival of Pacific herring
feeding has been observed. (C/upeaharenguspa//asl) eggs and larvaeto beginning

of exogenous feeding. Can. J. Fish. Aquat. Sci. 42
Food Items: Larvae consume diatoms, tintinnids, (Suppl. 1):56-68.
invertebrate and fish eggs, crustacean larvae, mollusc
larvae, and copepods. Juveniles eat primarily Alderdice, D. F., and F. P. J. Velsen. 1971. Some

¯ crustaceans (copepods, cladocerans, euphausiids, effectsofsalinityandtemperatureonearlydevelopment
mysids, amphipods, and decapod larvae). They also of Pacific herring (Clupea pallasl). J. Fish. Res. Board
consume molluscandfish larvae. Adultseat planktonic Can. 28(10):1545-1562.
crustaceans (copepods, euphausiids, and amphipods)
and fish larvae (Hart 1973, Simenstad et al. 1979, Barnhart, R.A. 1988. Species profiles: life histories
Miller et al. 1980, McCabe et al. 1983). and environmental requirements of coastal fishes and

invertebrates (Pacific Southwest) -- Pacific herring.
Biological Interactions U.S. Fish Wildl. Serv. Biol. Rep. 82(11.79). U.S. Army
Predation: Eggs are eaten by many species of fish, Corps Eng., TR EL-82-4, 14 p.
ducks, and gulls, while larvae are prey for ctenophores,
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Pacific herring continued

!. Boehlert, G. W., and J. B. Morgan. 1985. Turbidity macroinvertebrate assemblages along the Strait of
enhances feeding abilities of larval Pacific herring, Juan de Fuca including food habits of the common
ClupeaharenguspallasL Hydrobiol. 123(2):161-170. nearsh.ore fish. Interagency (NOAA, EPA) Energy/

Environ. Res. Dev. Prog. Rep., EPA-600/7-80-027,
Eldridge, M. B., and W. M. Kaill. 1973. San Francisco Washington, D.C., 211 p.
Bay area’s herring resource - a colorful past and a
controversial future. Mar. Fish. Rev. 25:25-31. Morrow, J. E. 1980. The freshwater fishes of Alaska.

Alaska Northw. Publ. Co., Anchorage, AK, 248 p.
Fraser, C. M. 1922. The Pacific herring. Biol. Board
(;an., Contrib. Can. Biol. Fish. 1921 (6):103-111. National Marine Fisheries Service. 1986. Fisheries of

the United States, 1985. Current Fishery Statistics No.
Garrison, K.J. andB. S. Miller. 1982. Review of the 8368. U.S.Dept.Comm..,NOAA, Nat.Mar. FishServ.,
earlylife history of Puget So.und fishes. Fish. Res. Inst., Nat. Fish. Stat. Prog., Washington, D.C., 122 p.
Univ. Wash., Seattle, WA, 729 p. (FRI-UW-8216).

Nelson-Smith, A. 1973. Oil pollution and marine
Grosse, D. J., and D. E. Hay. 1989. Pacific herring, ecology. Plenum Press, New York, NY, 260 p.
¢lupea harengus pallasL in the Northeast Pacific and
Bering Sea. In N. J. Wilimovsky, L. S. Incze, and S.J. Outram, D. N. 1955. The development of the Pacific
Westerheim (editors), Species synopses, life histories herring egg and its use in estimating age of spawn.
of selected fish and shellfish of the Northeast Pacific Fish. Res. Board Can., Pac. Biol. Sta. Circ. 40, 9 p.
and Bering Sea, p. 34-54. Wash. Sea Grant Prog. and
Fish. Res. Inst., Univ. Wash., Seattle, WA.           Pacific Fishery Management Council. 1981. Pacific

herring fishery management plan. Pac. Fish. Manag.
Haegele, C.W.,andJ. F.Schweigert. 1985. Distribution Council, Portland, OR, 127,p.
and characteristics of herring spawning grounds and
description of spawning behavior. Can. J. Fish. Aquat. Rabin, D. J., and R. A. Barnhart. 1977. Fecundity of
$ci. 42(Suppl. 1):39-55. Pacific herring, Clupea harengus pallasL in Humboldt

Bay. Calif. Fish Game 63(3):193-196.
Hardwick, J.E. 1973. Biomass estimates of spawning
herring, Clupea harengus pallasL herring eggs, and Reilly, P. N. 1988. Growth of young-of-the-year and
associated in Tomales Calif. Fish Pacific from San Franciscovegetation Bay. juvenile herring Bay,
Game 59(1):36-61. California. Calif. Fish Game 74(1):38-48.

Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
Board Can., Bull. No. 180, 740 p. E.A. Lachner, Robert N. Lea, and W. B. Scott. 1980.

A list of common and scientific names of fishes fromthe
’Hay, D. E. 1985. Reproductive biology of Pacific United States and Canada. Am.Fish.Soc.Spec.Publ.
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..e~uary. Fish. Bull., U.S. 81(4):81S-826. Game, Fish Bull. 171:1-104.

B. 8., C. A. Simenstad, J. N. Cross, K. L. Fresh, Stevenson, J. C. 1962. Distribution and survival of
8. N. Steinfort. 1980. Nearshore fish and herring larvae (ClupeapallasiValenciennes) in British

C--044925
C-044925



Pacific herring continued
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Anchoa compressa
Adult

2 cm

Common Name: deepbody anchovy Life Mode
Scientific Name: Anchoa compressa Eggs and larvae are planktonic, while juveniles an,
OtherCommon Names:Californiadeepbodyanchovy, adults are pelagic.
sprat, deep-bodied anchovy, sardinus (Walford 1931,
Gates and Frey 1974) Habitat
Classification (Robins et al. 1980) T_y_p.~_: All life stages live primarily in estuaries, bay~
Phylum: Chordata and lagoons, but schools of juveniles and adults ar,
Class: Osteichthyes occasionally found along coastal shorelines (Miller an,
Order: Clupeiformes Lea 1972).
Family: Engraulidae

Substrate: Because this is a pelagic species, all lif
Value stages are found over various substrates.
Commercial: The deepbody anchovy is of little
commercial value, physical/Chemical Characteristics: Populatio

abundances of this species were significantly correlate
Recreational: This species is occasionally used as live with temperature and dissolved oxygen (Allen 198;
bait for other fishes (Roede11953). Horn and Allen 1985). However, thermal and salini~

tolerances have not been identified.
Indicator of Environmental Stress: The deepbody
anchovy uses estuaries during all life stages and may Migrations and Movements: Adults move from th
be a good indicator of environmental stress. However, lower portions of bays and estuaries to upper portior
little ecological research has been done forthis species, during the spawning season (spring and summe~

Adults show post-spawning movements away fro=
Ecological: This is an abundant pelagic fish in many spawning areas, while juveniles reside in the upp~
southern California estuaries (Klingbeil et al. 1975; portions of bays until late fall and winter (Heath 198(~
Heath 1980, Horn and Allen 1985).

Reproduction
Range Mode: The deepbody anchovy is gonochoristi
Overall: The deepbody anchovy’s overall range is from oviparous, and iteroparous. It is a broadcast spawn~
Todos Santos Bay, Baja California, to Morro Bay, eggs are fertilized externally.
California (Miller and Lea 1972, Eschmeyer et al.
1983).                                         Mating/S.Dawning: Spawning occurs from March

August, with most spawning activity occurring at nig
WithinStudyArea:ltismostcommoninCaliforniabays from April to June (McGowan 1977, Heath 198

¯ and estuaries south of Alamitos Bay (Table 1) (Horn Edmands 1983). The upper reaches of bays a~
and Allen 1976). estuaries are the usual spawning areas (Heath 198

100
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Deepbody anchovy continued

juvenile characteristics (Caddell 1988), probably in
1. Relative abundance of deepbody anchovy about 30 days (Heath 1980).

in 32 U.S. Pacific coast estuaries.
Life Stage ~luvenile Size Range: Juveniles grow from 20-25 mm toEstu_arY-

A S J L E approximatelyT0mmstandardlength(minimum)before
PugetSound !i~.~:!!ii!i !:i!iii!!I !!ii’:ii!~:i iii!ii:~:!i! Relative abundance: reaching maturity.

Skagit Bay iiiiiii:i.i:ii !i;i:ii!!i:i !ii:.iii:.iiii ~iiiii!ii:i!i~) Abundant Age and Size of Adults: This species may live to 6
%/ Rare years, but most die before 5 years. One-year-olds

willapaBay Blank Notprosent range from 70 mm to about 90 mm in length (Heath
co,umbra R~ver 1980). The largest reported deepbody anchovy was

NehalelTI Bay 165 mm (Miller and Lea 1972).
Tillamook Bay Life stage:

S - Spawning adults Food and Feeding
Slletz River !ii:::!i::’.i! ii’!ii:!iii!’ilJ- Juveniles .TroDhic Mode: All feeding life stages are planktivorous.

Yaquina Bay iii::i:;ili! ili::!i::ili : !:;:i".i:i:::i:’:li.i:i:i:::iL- Larvae

Alsea River ;iiii.i!i:i iiiiiiiiii; :.i!i:.~:ili:i !’i::i;:ii’il :iiiiiiiiil Food Ite’ms: Larvae probably feed on phytoplankton
Siuslaw River and small zooplankton. Primary prey for juveniles and

Urnpqua River adults are small crustaceans. Major prey taxa include
coosBay calanoid, harpacticoid, and cyclopoid copepods,

Rogue River ostracods, cumaceans, amphipods, and Callianassa
Klamath River i::iii:.i:::.i iliiiiiiii’i:’i::’:’ii:i;!i::iiCi:~:~:’:’:’ ":~:’"spp. larvae. Minor taxa eaten are polychaetes,
Humboldt Bay !:::!i!::i!i :::iiiii!!~i!~i!!iiii::iii oligochaetes, small gastropods, mysids, tanaidaceans,

Eel River ii::!iiii:, i;i!!i!:.!i:,!!i!iiiiiiiii.!i!i:;iiii isopods, crab zoea, dipterans, small gobiids, and plantTomales Bay ~ii;.!!i!ii; :ii!i!iiiiiiii i:ili;i: !;!iiiiiil !!i!iii:i!i material (Klingbeil et al. 1975, Horn and Allen 1985).
3ent. San Fran. Bay * * Includes Central San

Francisco, Suisun. This species utilizes the entire water column whensan Fran. Bay and San P,~o ~y,. searching for prey (Klingbeil et al. 1975).
Elkhorn Slough

Morro Bay Biological Interactions
Santa Montca Bay ii~ili ~ii:i!i!i:ii:~ii. ::ii~i’i I~:!.i!!!i:,iii; iiiiii!!!ii~: Predation: The deepbody anchovy is probably eaten

San Pedro Bay :~i:~i:i~ by many species of birds and piscivorous fishes.

A,~,e~m Bay :.~ !~ ~.i~ i~:Q: i~ Factors Influencing Po~)ulations: The abundance ofNewportBay ~} ~} (~!¯ ¯
eggs and larvae (and probably juveniles and adults) ofMission Bay O O ~1(~} O
this species appears to cycle widely. The dominant

San Diego Bay (~} O I~}i O O
AnchoR species in southern California estuariesTljuanaEstuary
appears to fluctuate year to year. Some years A.

A s J L E compressamaydominate in ichthyoplankton surveys,
while in other years A. delicatissima prevails. Reasons

..... Edmands 1983). This species ~’educes competition forthesewidefluctuations areunknown (Heath 1980).
withthe slough anchovy (A. delicatissima) by spawningSince all life stages reside in estuaries, any estuarine
in different areas of bays (Edmands 1983). modifications or pollution directly affects this species.

e fecundity is about 15,000 eggs per References
f̄emale (Heath 1980). Fecundity is significantly related
to size (1,268 eggs/g female weight) (Heath 1980). Allen, L.G. 1982. Seasonalabundance, composition,

~’ Large females may lay over 281000 eggs (Heath 1980). and productivity of the littoral fish assemblage in upper
~.- Newport Bay. Fish. Bull., U.S. 80(4):769-790.

Growth and Development
Egg Size and Embryonic Develo_~ment: Eggs are Caddell, S. M. 1988. Early life history descriptions of

~:i spherical and 0.8 mm in diameter (White 1977, Caddell the deepbody and slough anchovies with comparisons
.1988). Embryonicdevelopmentisindirectandexternal. to the northern anchovy (family Engraulidae). Bull.
Time to hatching is probably less than 4 days. Mar. Sci. 42(2):273-291.

~e, andSizeofLarva~,:Larvaearel.5-2.5mmlongat Edmands, F. A., I1. 1983. The diel distribution and
hatchin_ gandgrowtoabout20-25mmbeforetakingon transport of ichthyoplankton collected by stationary
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Deepbody anchovy continued
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Anchoa delicatissima
Adult

2 cm

Common Name: slough anchovy Life Mode
Scientific Name:Anchoa delicatissima Eggs and larvae are planktonic, while juveniles an
Other Common Names: southern anchovy (Gates adults are pelagic.
and Frey 1974)
Classification (Robins et al. 1980) Habitat
Phylum: Chordata .T..v.p~: All life stages reside primarily in estuaries, bay,’
Class:Osteichthyes and lagoons. Juveniles and adults are foun
Order: Clupeiformes occasionally in neritic environments (Miller and Le
F̄amily: Engraulidae 1972, Heath 1980).

Value Substrate: All life stages are pelagic and thus four
Commercial: The slough anchovy is not of commercial over various substrates.
value.

Physical/Chemical Characteristics: The slough ancho,
Recreational: It is occasionally used as live bait for will avoid temperatures >25°C (San Diego Gas al
other fishes (Roede11953). Electric 1980). Salinity tolerance and tolerance

other physical factors have not been identified. TI
Indicator of Environmental Str~: Since this species estuaries, bays, and lagoons inhabited by this speci
uses estuaries during all life stages it may be an good are primarily euhaline with salinities rarely <25~,
indicator of environmental stress, however, little except during the winter rainy period.
ecological research has been done for this species.

Migrations and Movements: During spring and ea
Ecological: The slough anchovy is a highly abundant summer, adults move to spawning areas and th
pelagic fish in many southern California estuaries show post-spawning movements to other bay are
(Allen and Horn 1975, Heath 1980, San Diego Gas and (Heath 1980). Schools are sometimes found along 1
Electric 1980, Horn and AIlen 1985). coast (Eschmeyer et al. 1983, Love et al. 198

Larvae undertake nocturnal vertical migratic
Range (Edmands 1983).
Overall: This species’ overall range is from southern
Baja Californiato Long Beach Harbor, California (Miller Reproduction
and Lea 1972, Eschmeyer et al. 1983). Mode:Thesloughanchovy isgonochoristic, oviparo

and iteroparous. It is a broadcast spawner; eggs
Within Study Area: It is found in all estuaries and fertilized externally.
lagoons from Alamitos Bay, California, south through
Tijuana Estuary (Table 1) (Horn and Allen 1976). Mating/SDawning: Spawning occurs from Ma~,

September, with most spawning probably occurrin
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Slough anchovy continued

but probably less than 4 days.
Table 1. Relative abundance of slough anchovy

in 32 U.S. Pacific coast estuaries. Age and Size of Larvae: Larvae are approximately 1.5-
Life Stage 2.5 mm long at hatching (White 1977, Caddel11988).

Estuary___ A S J L E Upperlengthlimit of larval stage has not been identified,

Hood Canal !!ii!iiii lliiiiiiiiii ili:!ii:;.ilI iiiiii!iii ¯ Highly abundant juvenile probably begins after about 30 days (Heath

w~a Bay ~ Juvenile Size Ranoe: Juveniles range from about 25toBlank Not present
Columbia River 50 mm in length.

Nehalern Bay

Tlllamook Bay Ufe stage: Age and Size of Adults: The slough anchovy matures
S - Spawning adults

Siuslaw River than males (Heath 1980).
Urnpqua River

coo~ Bay Food and Feeding
RogueRlver TroDhic Mode: Larvae, juveniles, and adults are

Eel River ::iiii;! ~:ii!~ii; i iiiiiii Food Items: Calanoid copepods appear to be the major

South San Fran. Bay and San ea~lo bays. amphipods, harpacticoid and cyclopoid copepods,
ElkhornSlough cumaceans, ostracods, and cladocerans (Horn and

Morro Bay Allen 1985).

Alamitos Bay ;~ ’~!! ~i i~i ii Predation: The slough anchovy is probably preyed on
Newport Bay ¯I¯ ¯ ¯ ¯

Mission Bay ¯ ¯i ¯ ¯ ¯ Factors Influencing PoDulations: This species is often
Ban Dlego Bay ¯~¯ ¯ ¯ ¯ impinged on power plant intake screens during July

T~luanaEstua~ q q and August in San Diego Bay (San Diego Gas and
A S J L E Electric 1980). Modification and pollution of bays and

estuaries can significantly affect this species because
July (White 1977). Spawning takes.place in bays and it spends its entire life within these habitats (Horn and
estuaries at night (Heath 1980, Edmands 1983). This Allen 1985). Abundance of this species appears to
speciesappearstospawnprimarilyinthelowerreaches cycle widely; some years the slough anchovy is the
of bays and estuaries, whereas the deepbody anchovy dominant Anchoa species in California baysand other
(A. compressa) utilizes the upper reaches of bays for years A. compressadominates (Heath 1980). Reasons
spawning (Edmands 1983), for the wide fluctuations are unknown, however the

slough anchovy may prefer cooler temperatures and
~.E~:Meanfecundityisapproximately7,000eggs more oceanic conditions for spawning than Ao

per female (or 1,418eggs/g of female weight), with compressa (Edmands 1983).
larger fish producing more eggs (Heath 1980).

References
Growth and Development
~ ~ize and Embryonic DeveloPment: Eggs are Allen, L G., and M. H. Horn. 1975. Abundance,
e~ips~simi~art~n~rthernan~h~VyiEngra~ism~rdax)di~ersityandseas~na~ity~ffishesin~rad~Lag~n~
.eggs (Heath 1980), and are 0.94-1.10 mm maximum Alamitos Bay, California. Est. Coast. Mar. Sci. 3:371-

Caddel11988). Larval development 380.
indirect and external. Time to hatching is unknown,
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Slough anchovy continued
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Engraulis mordax
Adult

5 cm

Common Name: northern anchovy survival, juvenile feeding, and growth are reduce~Scientific Name: Engraulis mordax
when exposed to water-soluble fractions of crude oilOther Common Names: California a:nchovy, pinhead,
(MBC Applied Environmental Sciences 1987).anchoa, anchoveta, anchovy, bay anchovy,. North

American anchovy, plain anchovy Ecological: The northern anchovy is one of the most
Classification (Robins et al. 1980) abundant fish in the California Current and is anPhylum: Chordata

important prey for many species of fishes, seabirds,Class: Osteichthyes
and marine mammals (Frey 1971, Eschmeyer et al.Order: Clupeiformes
1983). It is highly abundant in many Pacific coastbaysFamily: Engraulidae
and estuaries during spring, summer, and fall. Elegant

Value tern (Thalasseus elegans) and California brown pelican
(Pelecanus occidentalis) production is strongly

~: The northern anchovy is commercially correlated with anchovy abundance (Anderson et al.fished from British Columbia to northern Baja Califsrnia,
1980, Schaffner 1986). The northern anchovyoccupiesMexico, but primarily from San Francisco, California, to
an ecological niche similar to the Pacific sardine’s andBahia San Ramon, Baja California. It was not
may be inhibiting its comeback (Frey 1971).commercially important until after the collapse of the

Pacific sardine (Sardinops sagax) fishery in the 1940s.
RangeIn 1981, over400,000 t were landed, representing the
Overall: The northern anchovy was distributed from25th largest species catch in the world (Food and
Cape San Lucas, Baja California, to Queen CharlotteAgriculture Organization 1984). The ,California Islands, Canada, but has recently moved into the Gultcommercial catch in 1981 was estimated to be worth
of California, Mexico (Hammann and Cisneros-Mat~.$3.2 million (Pacific Fishery Management Council
1989). Three genetically distinct subpopulations exisl1983). This species is commercially fished for reduction
(Vrooman and Smith 1971 ). One ranges from northern(i.e., fish meal and paste) and live bait, however, the
California to British Columbia. The second is of!reduction fishery has declined dramatically since1981, southern California and the northern Baja Californie
peninsula in Mexico. The third occurs off central an~

~: It isthe nlost importantbait fish for nearly southern Baja California (Vrooman and Smith 1971).all marine recreational fisheries off southern California.
It is also used as bait in Oregon and Washington for

Within Study Area: This species can be found in alsturgeon (Acipenserspp.). salmonids (Oncorhynchus estuaries within the study area (Table 1). A subspecie.’spp.), and other fishes.
(E. mordax nanus) is restricted to San Francisco Ba~.
(Hubbs 1925).]_D_Q~ator of Envim~j311~: Low dissolved

oxygen can cause die-offs (Pacific Fishery Management Life Mode
Council 1983). Anchovy hatching success, larval Eggs and larvae are planktonic, while juveniles an~
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No/them anchovy continued

1. Relative abundance of northern anchovy
stages are found over various substrates.

in 32 U.S. Pacific coast estuaries. Physical/Chemical Characteristics: Eggs are found in
~: Life S~ge euhaline waters (32-35%o), while adults, juveniles, and

Estuary A S J L E larvae can be found in estuarine and marine waters
PugetSound ~!~i~ ~!~!,i~i aelativeabundance: (Simenstad 1983). Spawning occurs at water.

Hood Canal ~ ii~ ii~ !~ ii~ ¯ Highly abundant temperatures of 12-15°C and usually within 10 m of the
Skag, Bay ~i~i~ ~iii~ ® Ab~n~an~ surface (Ahlstrom 1959). Eggs are found at

Grays Harbor ~iiiiiii!~i!~ii~ ..................~i!~ ? CommOnRare temperatures of 10.0-23.3°C, larvae at 10.0-19.7°C
Willapa Bay ¯ ~’ O O Blank Not present (mostly 14.0-17.4°C), and juveniles and adults at 5.0-

Co~um~R~ve, ¯ ,,     O O 25.0°C. The lower lethal temperature for juveniles
-- Nehalern Bay O ¯! O appears to be 7°C, but at 10.0°C larvae do not develop

TiltamookBay O O Ufe stage: properly. Temperatures above 25°C are actively
--    Netarts Bay ~ iiiiiiiiii iiiiiiii iiiiiiiill A-Adults avoided by juveniles and adults. (Brewer 1974).

.... :::::::::: J - Juven{(es
YaqulnaBay ~ ii:i~i:iii:iii:i i~ii i~!i ii!i!i!iilL-L~ae Migrations and Movements: The northern anchovy
AlseaRiver ~ iiii~iiiii!, ~i ’!~i iiiiiiiiii

E-Eggs
does not make extensive migrations (Pacific Fishery

Siuslawaiver ~t V .Management Council 1983), but it does undertake
UmpquaRiver ~ (~ inshore-offshore movements as well as movements

Coos Bay ~ ¯ O alongthe shore. Inthe Pacific Northwest, juveniles and
Rogue River O ¯ ,t adults move into estuaries during spring and summer

KlamathRiver ~iiii!iii!i :.~i.ii~iiiiiiiiiiii and then out during fall (Waldvogel 1977, National
Humboldt Bay :~ iiiiiiiiii ~i iiiiiiiiii iiiiiii!ii Marine Fisheries Service 1981, Simenstad and Eggers

Eel River ~ iiiiiiiiiii i~i iiiiiiii~ii iii!iiiiii 1981). In southern California, young-of-the year and
Tomales Bay i~ i!i.i:.!:.!.i;, i~ii. i~. iiii!ii!~!iii yearling anchovies utilize shallow inshore 8.reas (Parrish

Cent. San Fran. Bay* ¯’ ¯] ~ ¯ I~* Inc{udes Central SanFr~, So~n, et al. 1985). Adult and juvenile anchovies show some
South San Frs.n. Bay ¯! ¯i ¯ ¯ ¯ and San Pablo bays. diel movements during the summer, staying at depths

ElkhornSIough ¯ i¯ ~ of l l 0-183 m during the day and coming to the surface
MorroBay ¯ !¯ ~ at night (Hart 1973). Larvae swim to the surface at

santa Monica Bay i ~,....~ ............. night to gulp air and inflate their swim bladder (Hunter
San Pedro Bay [~ ii’ i~i ii~! ii~ and Sanchez 1976). Larvae, juveniles, and adults form~=too Bay i~

iiii~i i~ i~
small low density schools during the day and disperse

Anaheim Bay ~ !~i i~ "~ into a thin surface scattering layerat night (Mais 1974).
Newport Bay (~ (~ O ~ Juveniles and adults may also form dense schools or
Mission Bay ~]

"balls" when being attacked by predatory fishes.San Oiego Bay 0 0 0 0
Tijuana Estuary (~ (~

A S J L E
Reproduction
Mode: This species is gonochoristic, oviparous, and
iteroparous; eggs are fertilized externally. It is a

adults are pelagic nekton (Garrison and Miller 1982). broadcast spawner that spawns in batches annually
after reaching maturity.

Habitat
; ~_JV.l~: Eggs are neritic and epip~lagic (fromthesurface M~lting/Spawning: Spawning is reported from Barkley
: to 50 m depth, but primarily in the upper 20 m). Larvae Sound and the Strait of Georgia, British Columbia, to
are also neritic and epipelagic, occurring from the south of Magdalena Bay, Baja California, and in the
surface to 75 m depth, but usually in the upper 50 m. Gulfof California. Spawning can occurthroughoutthe
Juveniles are epipelagic and often highly abundant in yeardepending on region (i.e., subpopulation). Times
’shallow nearshore areas and estuaries. Adults are for spawning are July to August in British Columbia
oceanic-neritic, occurring from the surface to 300 m waters, June to August off Oregon, Decemberto June
deep. Adults can also be abundant in shallow nearshore in central California waters, May to September in San
areas and estuaries. Eggsandlarvaecanbefoundout Francisco Bay, and January to May off southern
to 480 km offshore (Hart 1973, Garrison and Miller California (McGowan 1986). Most spawning takes
1982), while adults occur out to 157 km offshore place within 100 km of the coast in the upper mixed
(Pacific Fishery Management Council 1983). layer (sometimes surface) at night (Baxter 1967, Hunter

and Macewicz 1980). The majority of spawning in
~: Because this is a pelagic species, all life California waters occurs at depths less than 10 m and

109

C--044937



Northern anchovy continued

water temperatures between 12 and 15°C. However, Food Items: Larvae consume copepods (primarily eggs
spawning has been recorded up to 482 km offshore and nauplii), naked dinoflagellates, rotifers, ciliates,
(Ahlstrom 1959). In th~ northern subpopulation, and foraminiferans (Baxter 1967, Arthur 1976, Hunter
spawning appears to be associated with the Columbia 1977). Larvae, juveniles, and adults are often found in
River plume, which may provide a stable and productive areas of plankton bloo ms. Adults and juveniles prey on
environment for egg and larval survival (Richardson phytoplankton, planktonic crustaceans, andfish larvae
1981). The timing of reproduction near San Pedro Bay, (Loukashkin 1970, Frey 1971, Hart 1973, Pacific Fishery
California, may be constrained by dietary requirements Management Council 1983).
(Brewer 1978). This species is a batch spawner
(Hunter and Goldberg 1980) and may spawn about 20 Biological Interactions
times per spawning season (Hunter and Leong 1981). Predation: Northern anchovy eggs and larvae are

eaten by adult anchovies (Hunter 1977) and probably
Fecundity: Females lay eggs in batches and can many other fishes. In the California Current, juveniles
produce up to 130,000eggs per year (20 spawnings) and adults are consumed by most speciesof predatory
in southern California (Hunter and Macewicz 1980, fishes, including California halibut (Parafichthys
Hunter and Leong 1981). Females in the northern californicus), chinook (O. tshawytscha) and coho
subpopulation are apparently limited to only a few salmon (O. kisutch), rockfishes, yellowtail (Seriola
batchesandatotalfecundityof35,000eggsperfemale lalandel), tunas, and sharks. Other predators include
per year (Laroche and Richardson 1980). Batch harbor seal (Phoca vitufina), northern fur seal
fecundities are estimated to be 2,794-16,662 eggs per (Callorhinus ursinus), California sea lions (Zalophus
female (Hunter and Macewicz 1980). californianus), common murre (Uria aalge), sooty

shearwater ( Puffinus griseus), cormorant
Growth and Development (Phalacrocorax spp.), gulls, and terns (Kucas 1986).
Egg Size and Embry_oni¢ D~velo~)ment: Eggs are T.he northern anchovy is the primary prey for the
ellipsoidal with dimensions of 1.23-1.55 mm x 0.65- California brown pelican, an endangered species
0.82 mm (Garrison and Miller 1982). Embryonic (Huppert et al. 1980).
development is indirect and external. Eggs hatch in 2-
4 days, depending on temperature. Factors Influencing Po_Dulations: Egg and larval survival

probably determines subsequent year-class strength
Age and Size of Larva~: The yolk sac is absorbed (Smith 1985). However, egg and larval abundance are
within36hoursofhatching(Laskeretal.1970). Larvae not correlated with age-1 recruits (Peterman et al.
range from 2.5 mm to 25.0 mm in length (Hart 1973). 1988). Anchovy spawning biomass is presently
Larvae begin schooling at 11-12 mm standard length estimated from egg production (Lasker 1985). Good
(SL) (Hunter and Coyne 1982), and transform into~ larval survival appears to depend on many factors,
juveniles in approximately 70 days (Hart 1973). including the availability and density of appropriate

phytoplankton species (Lasker 1975, Lasker and Smith
Juvenile Size Rana~: Juveniles range in size from 2.5- 1976, Lasker 1981 Peterman and Bradford 1987).
14.0 cm SL (Clark and Phillips 1952). Larval food availability is reduced by storms and strong

upwelling. Strong upwelling may also transport larvae
Age and Size of Adults: Some fish mature at less than out of the Southern California Bight (Power 1986),
one year of age (7.1-10.0 cm) and all are mature at 4 however, upwelling may benefit later life stages. El
years, dependingonlocationandpopulationsize(Clark NiSo events affect populations both positively and
and Phillips 1952, Hart 1973, Hunter and Macewicz negatively, depending on subpopulation and life stage
1980, Laroche and Richardson 1980). Larger fish (Brodeuretal. 1985, Fiedleretal. 1986). High ratesof
mature earlier than smaller fish in the same age group predation and commercial harvest also impact
(Huppert et al. 1980). The maximum age reported for populations. Northern anchovy populations increased
this species is 7 years (Frey 1971). dramatically during the collapse of the Pacific sardine

populations, suggesting competition between these
Food and Feeding species (Smith 1972, Kucas 1986).
Tro_~hic Mode:Juveniles and adults are random filtering
or particulate (i.e., biting) planktivores, depending on References
food concentrations (O’Connell 1972). Anchovies
apparentlyfeed primarily duringthe day (Kucas 1986). Ahlstrom, E. H. 1959. Vertical distribution of pelagic
Females need to eat approximately 4-5% of their wet fish eggs and larvae off California and Baja California.
weight per day for growth and reproduction (Hunter Fish. Bull., U.S. 60:107-146.
and Leong 1981).
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Oncorhynchus clarki
Juvenile

5 cm

Common Name: cutthroat trout                   Range
Scientific Name: Oncorhynchus c/arki             Overall: The overall range ofthis species’ anadromous
OtherCommonNames:Clark’strout, coastalcutthroat, form is from the Eel River, California, to Seward,
coastal cut-throat trout, sea-run cutthroat trout, red-southeastern Alaska (Scott and Crossman 1973).
throatedtrout, seatrout, short-tailed trout, harvest trout
Classification (Smith and Stearley 1989) Within Study Area: This species is common in nearly all
Phylum: Chordata estuaries along the Pacific coast from the Eel River to
Class: Osteichthyes Puget Sound, Washington (Table 1) (Monaco et al.
Order: Salmoniformes 1990).
Family: Salmonidae

Life Mode
Value The cutthroat trout has four life histories: 1) an
Commercial: The cutthroat trout is not commercially anadromous form, 2) a form that migrates between
fished, butisincidentallycapturedduringgillnettingfor lakes and small streams, 3) a form that migrates
Pacific salmon (Oncorhynchus spp.) (Tipping 1982). between small tributaries and main rivers, and 4) a

form that lives its entire life in small streams (Trotter
Recreational: It is the third most popular gamefish in 1987). This life history summary focuses primarily on
the Pacific Northwest (Washington 1977). In the anadromous variety, O. clarki clarki. Eggs and
Washington, the Cowlitz River recreational fishery was larvae (alevins) are benthic and infaunal. Young
estimated to be worth $290,000 (Tipping 1982). juveniles (fry and parr) are benthopelagic; parrbecome
Hatcheries in Oregon and Washington stockthis species pelagic when they transform into smolts (juveniles that
into numerous streams, migrate to the ocean). Smolts, ocean-dwelling and

maturing juveniles (subadults), and adults are primarily
Indicatorof Environmental Stress:The sea-run cutthroat pelagic. Subadults and adults in rivers and streams are
trout is sensitive to temperature changes and stream benthopelagic.
alterations resulting from logging practices (Moring
and Lantz 1975). It has been compared to the"canary Habitat
inthe mine", being oneofthefirst speciesto sufferfrom T_y.p_~: Eggs, alevins, fry, and parr are riverine. Smolts
environmental degradation (Behnke 1987). are riverine and estuarine. Young-of-the-year are

often found only in small coastal streams; many of
Ecological: The cutthroat trout is a minor predator in these streams have low ~ummer flows. Subadults and
nearshore coastal waters (Loch and Miller 1988) and adults are found in coastal neritic waters during ocean
an important resident of many streams and rivers. It residence (spring and summer), and in riverine habitats
has been displaced by introduced salmonids and non- during the spawning migration. Smolts, subadults,
native fishes in many rivers and streams, adults, and "kelts" (spent adults) migrate througl

estuaries. Some individuals are permanent resident~
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Cutthroat trout continued

can be found in streams with flows as low as 0.01-0.03
Table 1. Relative abundance of cutthroat trout m3/s (DeWitt 1954). Spawning occurs in s_tream flows

in 32 U.S. Pacific coast estuaries, ranging from 0.11-0.90 m/s and depths of 10-100 cm
LifeStage (Pauley et al. 1989). While in fresh water, adults

Estuary ~A S K J L E typically reside in pools, while fry reside in riffles.I
Puget Sound Iii~ iiiiiiiiiii i~il ii~i iiiiiiii~:i, iiiiiiiiii Relative abundance:

¯ Highly abundant    Migrations and Movements: Parr in fresh water often
-- " ............. :i:i ......I~ Abundant move upstream and downstream (Moring and Lantz

Grays Harbor i~ iii!ii!i! i~i ii~iiiii!ii!i! iii!iiiii! %/ 1975). Parr remain in streams for at least I year, but- w,~a Bay : Blank Not present may stay up to 9 years. Parr become smelts as they
co~ur,~a PJve~ O O O migrateto estuaries. In Oregon and Washington, most
N~h~e~ ~ ® O ~ smelts migrate during spring in theirthird year (Wydoski

o O O llfe stage: and Whitney 1979). However, the juvenile’s sizeTillamook Bay

S-Spawning adults appears to determine its year of migration; larger fish
Siletz River ~ iii:i!;iiiii:i i~!! ~i iiiiiiiiiiiii iiiiiiiiii K- Kelts migrateto sea while smaller fish remain (Tipping 1986).

In Oregon, immature fish moved downstream from
Alsea River i~ iiiiiiiiiii ~! ~i iii:iiiiiii~ iii;i~i~i~E- E~s February through May, with April being a peak monthSiuslaw River

UmpquaR{ver O O O for outmigration. In Washington, outmigration occurs
from March to July (peaking in May) (Michael 1989).Co~ Bay o ~ o
Few juveniles remain in the ocean for more than oneRogue River O    O O

~a~=h PJve~ i~ !i!iiiiii ~i ~i iiiiiiii iiii:: summer and most migrate back to natal streams in late
Humboldt Bay ::~:i i:iiiiiiiii ii~i:!i..ii~iiii:iiiiii"ii!ii!ii!~i!!i summer and fall of the same year (Johnston 1982).

Depending onthe stock, a proportion of the fish returning
=    Tomales ~ay ii.i.i..:...l iiiiiiiiii iiiiiiii~:i,.iiii~:ilili..!i!i!iii!i.ii~iii to fresh water after their first summer in the ocean are
Cent. S-~’~-~ Fran"-~ Bay~ * Includes Central S~n still not reproductively matu re (Johnston 1982). Prior

Francisco, Sutsun,So=h san F~. Bay ,~ s~ P~uo ~,. to their spawning migration, adult cutthroat trout often
Elkhorn Slough re.Fide in tidal freshwater areas of estuaries, awaiting

iorroB~y ileal increased stream flows and decreased water
S~nta Men= Bay !iiiiiiiii ilili!iiii ili~iiiill iiiiiiiiii !ii!iiiiiiiiitemperatures before proceeding upstream. In Oregon,

San Padre Bay
~,o, B,,y iiiiiiiiil iiiiiiiilliiiiii ~iiiiii iii most movement during November through January;
Anaheim Bay ~iiiiiiiiii!! iiiiiii!!!i iiiiiii!!iii i!iiiiiii!i !iiiii!i~ii iiiiiiiiii kelts move downstream from January to April, with
Nowpa~ Bay most moving in January and February (Lowry 1965).
~se~an Bay Some streams are used for overwintering only and

San Diego Bay others for spawning (Michael 1989). After overwintering
~u=~aEst~,W (or spawning), sea-run cutthroat trout migrate to the

A S K J L E ocean again in spring. Information concerning ocean
movements and migrations are limited, but some fish
do not migrate far from where they entered the ocean

of estuaries (Levy and Levings 1978). (Johnston 1982). However, some have been found out
to 31 km offshore (Loch and Miller 1988). The cutthroat

~: Eggs are found beneath gravel (0.6-10.2 trout may school while in estuarine and marine
cm in diameter) in shallow riffle areas at the tail end of environments (Giger 1972). When returning to their
pools (Reiser and Bjornn 1979). Juveniles and adults natal stream, wild fish rarely stray. However, straying
occur over various substrates depending on life stage of hatchery fish (from streams in which they were
and habitat, stocked) may be 30% (Pauley et al. 1989).

P-hvsical/Chemical Characteristics: The cutthroat trout Reproduction
prefers watertemperatures of 9-12°C (Bell 1984). It Mode: The cutthroat trout is gonochoristic and
can tolerate 26°C, but is not usually found where oviparous; eggs are fertilized externally. This species
stream temperatures are consistently greater than differs from all other members of the genus
22°0 (Pauley et al. 1989). The best spawning Oncorhynchus(except steelheadtrout, O. mykiss)in
temperature appears to be 10°C, but spawning occurs being iteroparous.
over a range from 6-17°C (Scott and Crossman 1973).
Waterswithdissolvedoxygenconcentrationslessthan Matine/Soawning: Sea-run cutthroat trout return to
~ mg/I are avoided (Pauley et al. 1989). This species their natal streams to spawn from late fall to late winter
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Cutthroat trout continued

(Johnston 1982, Pauley et al. 1989), however, only41- salmonids, euphausiids, mysids, and crab megalopa
61%of a"run" may actually besexually mature (Jones (Brodeur et al. 1987, Loch and Miller 1988).
1977). Spawning o~.urs primarily in gravel riffles of
small tributary coastal streams at the tail of pools in Biological Interactions
waterthat is 10-15 cm deep (Jones 1977). Like other Predation: Little is known about predation on thi
salmonids, the female digs a redd in the gravel and lays species, but 58% of the adults and subadults returnin
her eggs while the male fertilizes them with his milt. to the Alsea River, Oregon, had marks indicatin
The female then covers the eggs with more gravel, predator attacks (Giger 1972). Marine mammals pr~
Although this species is iteroparous, substantial post- on this species at sea, while belted kingfishe=
spawning mortality can occur. The best spawning (Megaceryle alcyon) and other piscivorous birds at
conditions include incubation temperatures from 6.1- probably major predators in streams and estuarie~
17.2°C, depths->6cm, water velocities from11-72 cm/ Sculpins and salmonids may also be predators,
sec, and gravel that is 0.6-10.2cm2 in diameter (Reiser alevins and fry in streams.
and Bjornn 1979).

F~ctors Influencing Pop~Jlations: This species is ve~
Fecundity: Fecundity ranges from 226-4,420 eggs per sensitive to changes in its freshwater habitat. TI~
female (depending on female size), averaging 1,000- amount of cover, water quality, and substral
1,700 (Scott and Crossman 1973). characteristics determine stream population densiti~

(Reiser and Bjornn 1979). Forestry practices influen(
Growth and Development stream carrying capacity and can affect spawnir
Egg Size and Embryonic Development: Eggs are 4.3- success. Increases intemperatureandturbidityreduc~
5.1 mm in diameter, orange-red in color, and demersal cutthroat trout production (Behnke 1979) and increas~
(Pauley et al. 1989). Embryonic development is indirect predation, disease, residualism, and straying affect tl"
and external. Eggs usually hatch in 28-40 days number of returning adults (Tipping 1982). TI"
(depending on temperature) (Scott and Crossman myxosporidean protozoan Ceratomyxa shasta c~
1973). cause severe larval/juvenile mortalities in hatcherk

(Tipping 1988). Natural production of the sea-rL
Age and Size of Larvae: Alevins are 15 mm long at cutthroat trout appears to be severely depressed
hatching and spend 1 to 2 weeks in the redd before many rivers and watersheds. In some area
emerging. Fry(smallyoungjuveniles)areapproximately urbanization has adversely affected strea
35 mmin length, environments and subsequently cutthroat tro

populations (Trotter 1987). Ocean survival offirst-ye
Juvenile Size Range: Juveniles range from 35-200 mm smolts reportedly ranges from 1.8-21.7% in Washingtc
in length. (Michael 1989) and 20-40% in Oregon (Giger 197;

Survival of subadults and adults in fresh water rang~
Age and Size of Adults: Wild sea-run cutthroat mature from 22.2-76.9% (Michael 1989). Because sea-n
after 2-10 years, ranging in length from131to 450 mm cutthroat trout are accessible to many anglers a~
(Summer 1962, Scott and Crossman 1973, Jones relatively easy to catch, populations are eas
1977). However, hatchery fish grow quicker than wild overfished (Jones 1977, Tipping 1982). As a resL
fish and may return to spawn as one-year-old fish strict harvest restrictions have been implemented
(Tipping 1982). ’ British Columbia and Washington (Pauley et al. 198!

The genetic integrity of some stocks is threaten,
Food and Feeding because there are very few adults in the spawni;
TrophicMode:Larvaefeedontheiryolk. Juveniles and population (Michael 1989). By selecting the sm
adults are carnivorous, tributaries of rivers and streams for spawning, sea-r;

cutthroat trout avoid competition with rainbow trout a
Food Items: Fry feed on insects, crustaceans, and coho salmon (Johnston 1982, Pauley et al. 198~
somefish. Largecutthroattroutmaypreyonthreespine Although stream-dwelling juveniles eat similar foo
stickleback (Gasterosteus aculeatus) and young as juvenile coho salmon, competition is reduced
sockeye(O.nerka)andcoho(O.kisutch)salmonwhile habitat partitioning. Juvenile cutthroat trout are off
in freshwater(Lowry 1966, Pauleyet al. 1989). Large forced to reside in riffle areas until falling wa
juveniles (migrants) and adults are highly piscivorous temperatures reduce the aggressive behavior of ot~
when in estuaries and marine waters (Behnke 1979, salmonids (Glova 1986, 1987, Pauley et al. 1989).
Loch 1982). In the ocean, cutthroat trout feed on
northern anchovy (Engraulis mordax), kelp greenling
(Hexagrammos decagrammus), scorpaenids,
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Oncorhynchus gorbuscha
Adult

25 cm

Common Name: pink salmon salmon occur in Alaska, although in odd years they are
Scientific Name: Oncorhynchusgorbuscha caught in Oregon and Washington (21,000 in 1983)
Other Common Names: humpy salmon, dog salmon, (Pacific Marine Fisheries Commission 1985,1987).
hone salmon, humpback salmon, lost salmon (Shiino - This species is primarily captured when fishing for
1976, Alaska Department of Fish and Game 1985) othersalmonspecies, althoughitis regionallyabundant
Classification (Robins et al. 1980) at times. The pink salmon is caught by trolling in
Phylum: Chordata nearshore marine waters and by spincasting in streams
Class: Osteichthyes and along beaches (Squire and Smith 1977).
Order: Salmoniformes
Family: Salmonidae Indicator of Environmental Stress: As with other

salmonids, destruction of spawning habitat reduces
Value run sizes.
Commercial: The pink salmon is the smallest Pacific
salmon and fishermen receive the lowest price/Ib for it. .Ecological: The pink salmon is the most abundant
However, it is the most abundant salmon species in the epipelagic fish in the subarctic oceanic North Pacific
North Pacific. Annual harvest is over 84 million fish, (Fredin et al. 1977). See "Factors Influencing
with over 95% of the U.S. catch coming from Puget Populations".
Sound, Washington, through Alaska (Forrester
1981a,1981b, Takehama 1983). In 1985, landings of Range
pink salmon (144.7 t) were worth $75 million to U.S. Overall: Overall, the pink salmon is found in oceanic
fishermen. (National Marine Fisheries Service 1986). and coastal areas of the North Pacific Ocean, north of
Since virtually all pink salmon mature in their second about 40°N latitude, in the Bering Sea, and along the
year, commercial catches in a particular area fluctuate southern coastline of the Polar Sea (Neave 1962). In
markedly from one year to the next. In Puget Sound, North America, occasional runs occur in the Russian
odd-year runs predominate, but in the Gulf of Alaska River, California, and along the Oregon coast. Regular
and Bristol Bay, even-year runs are largest (Fredin et spawning runs occur from the Puyallup River,
al. 1977). Most Puget Sound pinksalmon are captured Washington, north to central Alaska, west to Attu
from July to September (Washington Department of Island, north to northern Alaska, and east to the
Fisheries and Northwest Indian Fisheries Commission Mackenzie River in Canada’s Northwest Territories. In
1986). This species is harvested primarily by purse Asia, this species is distributed from the Tumen and
seines, but also bytrolling, stationary and drift gill nets, North Nandai Rivers, North Korea, and Hokkaido,
and reef nets. Japan, to the Yana and Lena Rivers that flow into the

Arctic Ocean (Takagi et al. 1981). The pink salmon has
Recreational: The pink salmon is not as important as also been successfully introduced into the Great Lakes
coho(O.kisutch)andchinooksalmon(O.tshawytscha) (Scott and Crossman 1973).
to coastal sport fisheries. Most sport harvests of pink
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Pink salmon continued

Whitney 1979i Takagi et al. 1981).
1. Relative abundance of pink salmon

"" in 32 U.S. Pacific coast estuaries. Habitat
Life Stage ~y_p_~: Eggs and alevins occur primarily in the lower

Estuarz__ A S J L E reaches of rivers, but can also occur in intertidal
- puget,Sound !~!i::ii!::,::!i!i::!i:i:;i iiiiiiii~.! Relative abundance: estuarine areas (Helle et al. 1964, McNeil 1966). Fry

Hood Canal i~’i"i::iliiii::!’i~":~i~.i.::iiii!!!i ¯ Highly abundant are riverine initially, but soon move downstream and
skog~t say i~~ =i~.ii!~ii~. ~’ii~’~~"= =~==~="~® A~undant utilize estuaries and nearshore shallow water marine

Grays Harbor i!~ii iiii!i:i!ii::!iiiii.,_::ii!iiiiii
O Common environments (Healey 1980, 1982, Simenstad et al.

...... q Rare
Willapa Bay ’Blank Not present 1982). Juveniles are initially neritic, but become oceanic

Columbia River ~/ as they mature. Adults are primarily estuarine and
" Nehalem Bay riverine.

Tillamook Bay Life stage:

Ne~"S ~Y ~:’~:::r~ :~;~" ~:’~:~ ~:;:i;::;:;;:!iii;i;iA-Adults Substrate: Eggs and alevins are normally found in
Siletz River iiiiiii:.i ii!i!iiii’i!i:::;:i i!ili.iiiii iiiii!iii:S- Spawning adults gravel that is 1 3-10.2 cm in diameter (Reiser andJ - Juveniles

Yaqulna Bay i~!i iii!iiii: i;i:.ii’iiiiiiii!iiL- L~rvae Bjornn 1979). Gravel cover protects eggs and alevins
A,seaRIver i~iill iiiii:~i::i ~i;;::ii~ii:iiii~riiii~:E’Eggs from predation, mechanical injury, and ultraviolet light

sius~aw R~ver (Raleigh and Nelson 1985). Fry, juveniles, and adults
Umpqua River are found in the water column over various substrates.

Coos Bay
: Rogue River "q Physical/Chemical Characteristics: Eggs and alevins
, K~a,~athR~ver~....:~iii.: ~,~’: ii ~:~li~:.~i;~!~.ii..:;.~;.~are found primarily in fresh water, but can withstandHumboldt Bay ili:!;i:::i iii:.ii:t

Ee, River :,::!’:::::!~: ii!:i;iiiii!ii!ili!ii constant salinities of 18%o and brief periods of higher
.::::...: salinities (33%0) (McNeil 1966, Takagi et al. 1981). Fry

To.ales Bay ~.~i!~. ii:~!ii!i iii!iiiiiii!iiiiii’:i!i adapt very quickly to high salinities (Takagi et al. 1981)
Gent. San Fran. Bay * * Includes Central ,San

Fra~,~o, s,,~,,,, and the species was originallythought to require marine
Saut~ san Fran. ~y ~,~.~n ~ ~,,. waters for survival (Baggerman 1960). However, the

E~khern S,ough successful introduction of pink salmon into the Great
Morro Bay Lakes demonstrates that this species can complete its

Santa Monica Bay ::i:..: ::. ;i
~"~::~;~ ~:~ entire life cycle in fresh water. The pink salmon

:~,.:~:;:~ generally spawns at temperatures of 7.2-12.8°C, with~arn~tos Bay !ili~i~:ii! iiiiii~:ii! i:i:.i;iii: :. iii!i!iii!
incubation temperatures of 4.4-13.3°C providing the

Newport Bay best hatching (Bell 1984). Optimum temperatures for
MissionBay

pink salmon are 5.6-14.4°C, with 0.0°C and 25.6°C
Ban D~ogo Bay being lower and upper lethal limits, respectively (Bell

Tijuana Estuary 1984). Low pH impairs embryo and alevin development

A S J L E (Rombough 1983). Embryos and alevins need fast-
flowing (21-101 cm/sec) and well-oxygenated (>6 mg/
I) water for proper development and survival (Bailey et

’ hi~_jL~J:t..8~: Although there are reports of pink al. 1980). Spawning gravel must be permeable to
salmon occurring in many California rivers (Halleck water flow for proper egg and alevin development

~
and Fry 1967), probably only the Russian River and (Wickett 1962, McNeil 1969). Adults cannot migrate
possibly the Sacramento River have any spawning upstream .in velocities greater than about 2.13 m/sec
runs (Fry 1973). Only very limited spawning runs occur (Reiser and Bjornn 1979).
along the Oregon and Washington coasts, but strong
spawning runs occur in Puget Sound (Atkinson et al. Migrations and Movements: The pink salmon is a
1967) (Table 1 ). highly-migratory anadromous species. Downstream

movement begins immediately upon emergence from
Life Mode the gravel (Heave 1966), and normally at night
The pink salmon is an anadromous species. Eggsand (McDonald 1960,Heave 1966). Fry are about 30 mm
larvae (alevins) are benthic and infaunal. Young long at emergence. Peak out-migration from rivers

_=_ juveniles (fry) are benthopelagic and live in shallow occurs between late March and mid-May in southern
---- waters. Ocean-dwelling and maturing juveniles British Columbia, Washington, and Oregon (Healey
’,~ (subadults) and adults are epipelagic, occurring possibly 1982, Simenstad et al. 1982). Most pink salmon spend

down todepths of 36 m, but usuallywithin the top 10 m little time residing in estuaries (Levy et al. 1979, Healey
(Hart 1973, Scott and Crossman 1973, Wydoski and 1982, Simenstad et al. 1982), but move and disperse
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Pink salmon continued

rapidly into shallow madne waters and nearshore Growth and Development
nursery areas (Healey 1980). However, they may be .Egg Size and Embryonic Development: Eggs are 6.0-
abundant in estuarine-.tidal channels for a short time 7.0 mm and orange-red in color (Scott and Crossman
(Levyand Northcote 1982). Asjuvenilesgrowtoabout 1973, Bell 1984). Embryonic development is indirect
60-80 mm in length (May and June), they move to andextemal, incubationtimei~affectedbytemperature,
offshore waters (Healey 1980), with larger individuals but hatchingoccursprimarilyin DecemberandJanuary
moving first. During their first summer and fall, migrating (McPhail and Lindsey 1970, Scott and Crossman 1973).
pink salmon move north in coastal waters. By late fall/
early winter, many turn south, dispersing to the high Age and Size of Larvae: Alevins are 6.0 mm to 30-45
seas (Takagi et al. 1981, Hartt and Dell 1986). Pink mm in length (Morrow 1980) and remain in the gravel
salmon return to their natal streams after about 18 until most of the yolk is absorbed. Peak emergence is
months at sea. Some pink salmon apparently never in April and May, but may begin as early as late
leave Puget Sound (Wydoski and Whitney 1979). A February (Neave 1966).
combined map-compass-calendar system probably
guides this species on the high seas, but olfaction Juvenile Size Range: Juveniles are approximately3.0-
dominates riverine orientation as adults return to their 45.0 cm long and weigh up to 1.8 kg (Bell 1984). Pink
natal stream (Brannon 1982, Quinn 1982). Upstream salmon move to the open ocean when they are 6.0-8.0
(i.e., spawning) migration may be disrupted if adults cm long (central British Columbia) or 9.0-10.0 cm long
encounter hydrocarbon concentrations above 1-10 (Strait of Georgia)(Healey 1980).
ppb (Martin et al. 1990).

Age and Size of Adults: Adults are two years old with
Reproduction rare reports of three-year-olds (Scott and Crossman
Mode: The pink salmon is gonochoristic, oviparous, 1973). Adults can reach 76.0 cm in length and weigh
and semelparous (all adults die soon after spawning). 5.5 kg, however most are 1.4-2.3 kg (Hart 1973).
Eggs are fertilized externally.

Food and Feeding
Mating/Spawning: Spawning generally occurs from Tr0phic Mode: Larvae feed ontheiryolk. Juvenile and
June (north) to October (south), and primarily August adult pink salmon are carnivorous, opportunistic
through October in Washington (Atkinson et al. 1967, feeders.
Wydoski and Whitney 1979). Most spawning takes
place in the lower reaches of coastal rivers and can Food Items: Fry will feed sparingly on nymphal and
include intertidal areas (Helle et al. 1964). However, larval insects if their migration to the ocean is lengthy
pink salmon may spawn far upstream in large rivers (Scott and Crossman 1973). In nearshore nursery
such as the Skagit River, Washington (Wydoski and areas, juvenile pink salmon eat mainly epibenthic prey,
Whitney 1979). Spawning usually occurs in riffle areas particularly harpacticoid copepods (Gerke 1972,
>-15 cm deep, with water velocities of 12-101 crrYs, in Kaczynski et al. 1973,Godin 1981). However, juveniles
gravel that is 1.3-10.2 cm in diameter, and at will also eat pelagic zooplankton such as Cirripedae
temperatures of 7.2-12.8°C (Reiser and Bjomn 1979). larvae, calanoid copepods, amphipods, crustacean
In Alaska, spawning adults prefer water velocities of larvae, and other invertebrate larvae (Kaczynski et al.
35-47cm/s(Bonaretal. 1989). Femalesbuildtheredd 1973, Bailey et al. 1975, Fresh et al. 1979, Godin
(nest) by digging up the substrate with the caudal fin. 1981). When juvenile pink salmon first enter offshore
During spawning, the female and male move to the habitats,theyfeedonzooplankton, primarilycopepods,
bottom of the redd and release eggs and sperm while amphipods, chaetognaths, larvaceans, decapod larvae,
vibrating, gaping their mouths, and erecting their fins. and larval and juvenile fishes (Healey 1980, Brodeur et
The female will then deposit gravel over the eggs by al. 1987). Later in life, they feed on euphausiids,
digging upstream of the fetid. Males may spawn with decapod larvae, fishes, amphipods, squids, copepods,
morethanonefemale, andfemaleswithmorethanone pteropods, and other invertebrates (Allen and Aron
male. Females may dig more than one nest (Scott and 1958, Anddevskaya 1958, Ito 1964, LeBrasseur 1966,
Crossman 1973). Males develop enlarged teeth, a Hart 1973, Fresh et al. 1981, Takagi et al. 1981). Pink
large hump on their back, a hooked snout, and when salmon are usually crepuscular feeders (Godin 1981,
mature, are aggressive toward other males (Scott and Takagi et al. 1981), however, they are known to feed on
Crossman 1973). euphausiids at night (Pearcy et al. 1984).

Fecundity: Fecundity ranges from 800-2,000 eggs per Biological Interactions
female, averaging 1,500-1,900 (depending on size of predation: Eggs, alevins, andfry are eaten by cutthroat
female) (Scott and Crossman 1973). trout (O. c/ark1), rainbowtrout (O. mykiss), coho salmon,
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Pink salmon continued

Dolly Varden (Salvelinus malma), northern squawfish millions of pink salmon are released annually (Wahle
(Ptychocheilus oregonensis), and various sculpins and Smith1979). However, increasedfishingpressure
(Cottusspp.)(Hunter1959,ScottandCrossman1973). due to hatchery runs can destroy wild populations
Belted kingfisher (Megaceryle alcyon), mergansers, (McNeil 1980).
other predatory birds and small mammals also eat fry
(Scott and Crossman 1973). Mammals (e.g., bears) References
and large avian predators (e.g., bald eagles, Haliaeetus
leucocephalus) feed on adult pink salmon in fresh Alaska Department of Fish and Game. 1985. Alaska
water. Marine and estuarine fish predators include habitat management guide. Southcentral Region, Vol.
lamprey (Lampetra spp.), spiny dogfish (Squalus I: Life histories and habitat requirements of fish and
acanthias), coho salmon, chinook salmon, rainbow wildlife. Alaska Dept. Fish Game, Juneau, AK, 429 p.
trout, cutthroat trout and Pacific staghorn sculpin
(Leptocottus armatus).. Predatory birds such as Allen, G. H., and W. Aron. 1958. Food of salmonid
common murre (Uria aalge), common merganserfishes of the western North Pacific Ocean. U.S. Fish
(Mergus merganser), bald eagle, and Caspian tern Wildl. Sew., Spec. Sci. Rep. Fish. 237, 11 p.
(Hydroprogne caspia), and mammals such as harbor
seal (Phoca vitulina), northern fur seal (Callorhinus Ames, J. 1983. Salmon stock interactions in Puget
ursinus), killerwhale (Orcinusorca), and sealionsalso Sound: a preliminary look. In M. A. Miller (editor),
prey on the pink salmon (Fresh 1984). Small juvenile Southeast Alaska coho salmon research and
pink salmon apparently alter their habitat preferences management review and planning workshop, May 18-
depending on predation risk (Magnhagen 1988). 19, 1982, p. 84-95. Alaska Dept. Fish Game, Juneau,

AK.
Factors Influencing Populations: Chum (O. keta) and
pink salmon have similar feeding habits during their Andrievskaya, L. D. 1958. Pitanie tikhookeanskikh
early marine life; thus, competition may be occurring in Iososei v severo-zapadnoi chasti tikhovo okeana (The
the shallow marine habitats (Ames 1983, Fresh 1984). food of Pacific salmon in the northwestern Pacific
Aci~um escapement variable is used in the Washington Ocean). [In Russ.] From: Materialy po biologii mo rskovo
Department of Fisheries’ model for forecasting pink perioda zhizni dalnevostochnykh Iososei, p. 64-75.
salmon abundance/returns (Washington Department Publ. by: Vses Nauchno-lssled. Inst. Morsk. Rybn.
of Fisheries 1983). One of the primary factors Khoz.Okeanogr.(VNIRO),Moscow.[Fish.Res.Board
determining recruitment appears to be survival from Can., Trans. Ser. No. 182.]
egg to fry stage (McNeil 1966, 1969, 1980), which is
typically around 10% (Merrell 1962, McNeil 1980). Atkinson, C. E., J. H. Rose, and T. O. Duncan. 1967.
Mortality can result from low dissolved oxygen Pacific salmon in the United States. Internat. North
concentrations, high temperatures, high stream Pac. Fish. Comm., Bull. No. 23:43-223.
discharges, and unsuitable gravel structure (McNeil
1966). Average marine survival from fry to adult is Baggerman, B. 1960. Salinity preference, thyroid
about 4% (McNeil 1980), with much of the mortality activityandseawardmigrationoffourspeciesofPacific
believed to occur as a result of predation during early salmon (Oncorhynchus). J. Fish. Res. Board Can.
marine residency (Parker 1971). There also appears 17(3):295-322.
to be density-dependent marine mortality and growth
(Peterman 1980). Suitablecoastalwatertemperatures Bailey, J. E., B. L. Wing, and C. R. Mattson. 1975.
and salinities are also considered important to juvenile Zooplankton abundance and feeding habits of fry of
survival (Tabata 1983). Besides natural mortality, pink salmon, Oncorhynchus gorbuscha, and chum
there is fishing and incidental fishing mortality (Ricker salmon, Oncorhynchus keta in Traitor’s Cove, Alaska,
1976). Although the U.So harvest of pink salmon has with speculations on the carrying capacity of the area.
declined since the 1930s, the Canadian harvest has Fish. Bull., U.S. 73:846-861.
not (Fredin 1980). Some pink salmon originating from
North Amedca are taken by the Japanese salmon Bailey, J. E., S. Rice, J. Pella, and S. Taylor. 1980.
fishery (Fredin et al. 1977). Man-made alterations to Effectsofseedingdensityofpinksalmon, Oncorhynchus
streams, estuaries, and shallow marine environments gorbuscha, eggs onwaterchemistry, frycharactedstics
caused by improper road and rail construction, logging and fry survival in gravel incubators. Fish. Bull., U.S.
practices, dredging, bulkheading, dam and irrigation 78(3):649-658.
development, and pollution can adversely affect pink
salmon populations. Hatcheries have been built to Bell, M.C. 1984. Fisheries handbook of engineering
help maintain and rehabilitate pink salmon stocks and requirements and biological criteria. Fish passage
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Oncorhynchus keta
Adults

10 cm

Common Name: chum salmon oil content of other salmon species.
Scientific Name: Oncorhynchus keta
Other Common Names: dog salmon, calico salmon, Indicator of Environmental Stress: The freshwater,
chub, fall salmon, keta salmon, le kai salmon (Shiino estuarine, and early marine life stages are the most
1976) sensitive to habitat alterations and pollution (Shepard
Class|fication (Robins et al. 1980) 1981).
Phylum: Chordata
Class: Osteichthyes ~: The chum salmon is the second most
Order: Salmonitormes abundant salrnonid inthe North Pacific region (Forrester
Family: Salmonidae 1981), and has the widest distribution of any Pacific

salmon (Bakkala 1970).
Value
Commercial: The chum salmon is the most important Range
Pacific salmon to Japanese commercial fishermen Overall: In North America, the chum salmon inhabits
(Forrester 1981), but third in importance to U.S. coastal streams from the Sacramento River, California
fishermen (National Marine Fisheries Service 1986). [occasionally as far south as the San Lorenzo River
From 1980-84, nearly 43,000 t were landed by U.S. (Moyle 1976)], northward to the Arctic shore of Alaska
fishermen and the 1985 catch was worth over $36 (Arc and Shepard 1967, Atkinson et al. 1967, Hallock
million. This species is commercially fished in North and Fry 1967). It is found as far east as the Mackenzie
American waters from Oregon to Alaska. However, River in Canada. In Asia, the chum salmon is found
most (75%) are landed in Alaskan waters, with only south to the Tone River of Chiba Prefecture on the
Puget Sound, Washington, producing any sizable Pacific side of Honshu, in Nagasaki Prefecture of
landings outside of Alaska (Forrester 1981). The chum Kyushu inthe Sea of Japan, and inthe Nakdong River
salmon is captured primarily by fixed or drift gill nets of the Republic of Korea (Sano 1967, Bakkala 1970).
and purse seines. It is primarily caught from June to In Asia most spawning occurs in the lower 100 km of
September in Alaska, and September to December in coastal streams. However, some spawn 2,500 km
Washington (Forrester 1981 ). fromthe sea in both.the Amur River of the U.S.S.R. and

the Yukon River of Alaska and Canada (Sano 1966,
Recreational: The chum salmon is not a target sport Bakkala 1970). This species’ oceanic distribution
fish in marine waters (Scott and Crossman 1973), but ranges from the Bering Sea to about lat. 40°N in the
it is sometimes fished in rivers that have large runs. western Pacific Ocean and approximately lat. 44°N in
The marine sport catch is low and is grouped with the eastern Pacific Ocean (Neave et al.1976, Fredinet
sockeye salmon in the reported marine sport catches al. 1977).
(Pacific Marine Fisheries Commission 1985, 1986).
This species does not strike lures or baits as readily as Within Study Area: The chum salmon is primarily found
other salmonids and its flesh does not have the desired in Oregon and Washington, north of the Rogue River,
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Chum salmon continued

from intertidal areas to 2,500 km upriver in large river
Table 1. Relative abundance of chum salmon systems (Bakkala 1970), but they are normally found in

in 32 U.S. Pacific coast estuaries, riverine areas less than 200 km from the ocean (Sane
Life Stage 1966). Fry are found in rivers, estuaries, and marine

A S J L F waters. Fry prefer shallow waters (nearshore and
~i ii!ii!i’":"iiiiiiiiillii!i Relative abundance: intertidal areas <1.0 m deep)during their initial

i::ii!;iii~ i,i;. iiiiiiiiiil iiiiii::il ¯ Highly abundant outmigration (Bakkala 1970, Healey 1980). Once at

~!t ::!ii~i!iii !; i!::iiiiiii i!iii::i~¯ ~unda,, sea juveniles are primarily epipelagic (surface to 60 m

~!iii!;i,.:.i~: ::~: i~ii~.~ii:~ i:~ili!ili!0 com,.on depth) (Manzer 1964), but may be found to depths of
"~/ Rare

¯ Blank Notpressnt 95 m (LeBrasseur and Barner 1964). Adults are
O O estuarine and riverine (Bakkala 1970, Fredin et al.
O i 0 1977).
¯ ¯ Ufe stage:
~iiii!!:.!ii:.il!’.::i;i?.iiii!i!iiiiiiiil A-Adults Substrate: Eggs and alevins are found primarily in

i}i~:i::}::i!.~:::.i::!iil;iii;i!!I
J-Juven~as medium-sized gravel (about 2-4 cm in diameter)
L- Larvae (Bakkala 1970, Alaska Department of Fish and Game

~ii !ii!ii!!:ili !~i:i i::::i!i:;!:i! i::iiiilili
E- Eggs 1985) and are buried down to 40 cm (Moyle 1976).

O O Recommended spawning gravel diameters range from
~/ 1.3-10.2 cm (Reiser and Bjornn 1979). Burner (1951 )
O O found Columbia River redds were composed of 81%
~ medium and small gravel (< 15 cm diameter), 13%
!~i~ :.~!!:.:! ~i :~!i:!::~i iii!~.! large gravel (> 15 cm) and 6% mud-silt-sand. Juveniles
ii~i:~, ii~!~!:.!i! i!~.:.i~i i!ilili; and adults occur over a variety of substrates.

Physical/Ohemical Characteristics: Best spawning
Includes Central San
F,~, s~,, temperatures range from 7.2-12.8°C, and incubation
a,~ s~, P~b~ ~,. temperatures range from 4.4-13.3°C (Bell 1984). Eggs

can survive lower temperatures provided initial
development has progressed to a stage that is cold-

ilili~ili iiiiiiiiii iiii!i~:::i iiiiiiii~i i~i~:i~i~:water tolerant (Reiser and Bjornn 1979). Incubation
ii!!!iiii !iiii!iii ~,:!ii:.iii’i::,i!.i~i ’:~:!::ii::itemperatures affect alevin length at hatching (Beacham
;~::iii:!: i!!i~:i::::iI i~:ii~:ii!i’ i~i::ill and Murray 1987). Optimum temperatures for fry to
!~i~i.; iiii!:i:~i :",:/i: i;iii!!i ii:iiiil outmigrate from rivers range from 6.7-13.3°C (Bell

1984). Ocean-dwelling juveniles occur in waters of
1.0-15.0°C, but prefer 2.0-11.0°C. During the spawning
migration, adults migrate upstream at temperatures

TijuanaEstuar from just above freezing to 21.1°C, but optimum
A S J L E temperatures are 8.3-15.6°C. The upper lethal

tempera.ture is 25.6°C, and the lower lethal temperature
Oregon (Table 1) (Atkinson et al. 1967, Ratti 1979). is 0.0°C (Bell 1984). Adults migrate upstream in
Occasionally some are found inthe Sacramento River, velocities up to 2.44 m/sec and successfully spawn in

;,~,
California (Halleck and Fry 1967). In the ocean, this velocities of 46-101 cm/sec (Reiser and Bjornn 1979).
species can occasionally be found as far south as San Dissolved oxygen levels below saturation can adversely
Diego, California (Eschmeyer et al. 1983). affect swimming performance of adu Its. Oxygen levels

1

above 80% saturation with temporary levels no lower
Life Mode than 5.0 mg/I are recommended for spawning (Reiser
The chum salmon is an anadromous species. Eggs and Bjornn 1979). High concentrations of suspended

i
and larvae (alevins) are benthic and infaunal. Young sediments(15.8-54.9g/I)cankilljuvenilechumsalmon
juveniles (fry) are benthopelagic, while ocean-dwelling (Hale et al. 1985). Eggs and alevins are found primarily
and maturing juveniles (subadults) and adults are in fresh water, but can tolerate euhaline conditions for
epipelagic (Sane 1966, Bakkala 1970, Fredin et al. shortperiods(McNei11966). Fryshowapreferencefor
1977). Subadults and adults in rivers and streams are salt water soon after their yolk sac is absorbed and
bottom-oriented, cannot live for extended periods in fresh water

(Baggerman 1960, Iwata et al. 1986). A limited
Habitat residence in a mesohaline (10-15%o) estuarine~ T.~D..e.: and alevins in rivers and environment be needed forEggs occur streams, may complete adaptation
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Chum salmon continued

to sea water (Iwata and Komatsu 1984). Alevins with more fang-like teeth, than females (Bakkala 1970). As
completely-absorbed yolk sacs show abnormal with other salmonids, the female builds the nest by
behavior in waters with~a pH <6.0 (Rombough 1983). turning on her side and excavating the nest by fanning

the streambed with her caudal fin (Bakkala 1970).
Migrations and Movements:Thechumsalmonis highly During spawning, the male and female will settle into
migratory. Fry migrate seaward immediately after the nest and quiver with mouths agape as they release
emerging from the redd, although some may reside in eggs and milt (Scott and Crossman 1973). After laying
fresh water for several months (Simenstad et al. 1982). the eggs, the female covers them by digging upstream.
They migrate primarily at night in small rivers and This process continues until the female is spent. Males
sometimes during daylight in larger rivers (Bakkala may spawn with more than one female; both sexes are
1970). Juveniles are typically 30-55 mm long when aggressiveonthespawninggrounds. An average redd
they enter estuaries (March to mid-May), however is 2.8 m2 (Reiser and Bjornn1979). Afemalewillguard

¯ some may be larger if the migration is long (Moyle her redd as long as she is able before dying. Some
1976). Once juveniles enter estuaries, their migration adults may spend lessthan aweekinfreshwaterifthey
typically slows and many will rear for up to several arrive sexually mature (Scott and Crossman 1973).
months in the estuary (Healey 1982, Levy and Northcote
1982, Simenstad et al. 1982). Increasing salinities Fecundity: Large females can release over 4,0OO eggs,
prompt schooling behavior(Shelboun 1966). Juveniles but on average 2,400-3,000 eggs are laid per female
occur in Washington estuaries from January to July, (Scott and Crossman 1973). Late-run southern stocks
peaking from late March to mid-May. Most chum are more fecund than early-run stocks (Sano 1966,
salmon leave Oregon estuarie¢ by mid-May (Myers Bakkala1970). This may be a function of different body
1980). Chum salmon juveniles move in and out of tidal sizes between the stocks.
creeks, sloughs, marsh habitats, and intertidal areas
as the tide fluctuates (Mason 1974, Healey 1982). Growth and Development
Besides this daily tidal movement, there is a general Egg Size and Embryonic Develo.Dment: Eggs are
movement seaward as the juveniles grow (Healey reported to be 6.0-9.5 mm in diameter after fertilization
1982). Individuals may spend 4-32 days in estuaries; (Bakkala 1970, Bell 1984). Embryonic development is
residency varies seasonally. In some stocks, early indirect and external. Eggs require from 0.5 to 4.5
migrants may reside longer than later migrants while in months to hatch (depending on temperature). Hatching
other stocks, the opposite is true (Healey 1979, usually occurs from December to February (McPhail
Simenstad et al. 1982, Kaeriyama 1986). Most chum and Lindsey 1970, Scott and Crossman 1973, Pauley
salmon move offshore from Aprilto June when they are et al. 1988).
80-100 mm in fork length (Healey 1982). Once in the
ocean, migrating chum salmon head north, but stay Age and Size of Larvae: Alevins absorb their yolk-sac
along the continental shelf untilfall,whentheydisperse in 30-50 days, depending on temperatures (Wydoski
out into the Gulf of Alaska (Hartt and Dell 1986) and mix and Whitney 1979). Alevins are 20.0-24.0 mm long at
with other salmon species and other age groups of hatching (Bakkala 1970, Kaeriyama 1986, Beacham
chum salmon. Some chum salmon do not appear to and Murray 1987) and grow to 30.0-35.0 mm before
migrate out of Puget Sound (R~rtt and Dell 1986). leaving the gravel (Moyle 1976, Wydoski and Whitney
Immature fish move about 28 km/day, while maturing 1979).
fish average 35 km/day (Neave e~ al. 1976). Immature
fish are temperature sensitive and move south in winter Juvenile Size Range: Fry in fresh water are 30.0-70.0
and north in summer (Neave et al. 1976). mm long, depending on the distance between the

estuary and spawning grounds (Scott and Crossman
Reproduction 1973). Growth in estuaries and the ocean is rapid; by
Mode: The chum salmon is gonochodstic, oviparous, the end of their first year at sea juveniles will average
and semelparous (all adults die soon after spawning) over 30.0 cm in length and after five years will be 50.0
(Bakkala 1970). Eggs are fertilized externally, cm long (Fredin et al. 1977).

Mating/Spawning: Two spawning populations exist; a Age and Size of Adults: Adults return to spawn at 2-7
northern stock that spawns from June to September, years of age (primarily 3-5 years) (Scott and Crossman
and a southern (late-run) stock that spawns from 1973). Bell (1984) determined that chum salmon
August to January (Sano 1966, Bakkala 1970). average 63.5 cm in length and 4.0 kg at maturity, but
Washington, Oregon, and California stocks are all late- Squire and Smith (1977) reported that they can grow
run fish. Chum salmon are sexually dimorphic when up to 107 cm in length and their average weight is 4.5-
mature;males have a hooked snout, aslight hump, and 5.3 kg at maturity.
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Chum sa/mon continued

Food and Feeding .F6ctors Influencina Populations: To augment natural
Mode: Larvae feed ontheiryolk. Juveniles and production, chum salmon are produced by hatcheries~oph~c

adults are carnivores and "opportunistic" feeders, in Oregon, Washington, Alaska, Canada, U.S.S.R.,
and Japan (Atkinson et al. 1967, Sano 1967). Ove~

_Food Items: Fry may not feed in fresh water if their 23.7 million juveniles were released from hatcheries
migration to estuaries is short. However, if freshwater along the Pacific coast in .1976 (Wahle and Smith
residency is lengthy, fry will feed on aquatic and1979). However, in1987,over90millionchumfrywere -
terrestrial insects and small crustaceans. Chironomid released just in Washington (Abrahamson 1988). In
larvae appear to be particularly important to fry in fresh Japan, over 2 billion fry are released from hatcheries
water (Sano1966, Bakkala1970, Scott and Crossman annually (Kaeriyama 1989). Most natural mortality
1973). Feeding in nearshore marine areas and estuaries occurs in fresh water during the embryonic stage as a
by fry and fingerlings appears to be an important resultofpoorenvironmentalconditionssuchassiltation,
component of chum salmon life history (Healey 1980, low dissolved oxygen, spawning gravel disruptions,
Simenstad 1983). Initially juveniles feed in shallow and freezing (McNeil 1966, Wydoski and Whitney
waters and concentrate on epibenthic prey such as 1979). Beacham and Starr (1982) concluded that
harpacticoid copepods and gammarid amphipods, but freshwater survivalin Canada’s Fraser Riverwas mostly
they may also eat terrestrial insects and other small a function of interactions among temperature, rainfall,
crustaceans (Sibert et al. 1977, Healey 1979, Simenstad and egg abundance. Human alterations of freshwater
andSalo1982,Kaeriyama1986).Youngchumsalmon habitat caused by improper logging practices,
aresize-selectivefeeders(FellerandKaczynski1975), hydroelectric and irrigation developments,
Foodlimitationinshallowwatersmayinduce movement channelization, chemical and pollutant introductions,
to deeper waters (Healey 1980, Simenstad and Salo and other factors can lower chum salmon production
1982) where juvenile chum salmon shift their diets to (Bottom et al. 1985, Holtby and Scrivener 1989). High
include more pelagic prey, such as calanoid copepods, river temperatures affect chum salmon migrations and
hyperiid amphipods, crustacean larvae, and larvaceans rate of maturation, cause direct mortality, and increase
(Fresh et al. 1981, Simenstad and Salo 1982, Kaeriyama the incidence of diseases (Hale et al. 1985). Survival
1986). In the ocean, juveniles and subadults feed on ofchumsalmoneggsiscorrelatedwiththe permeabilty
euphausiids, squids, pteropods, and fishes ofthereddtowaterflow(Pauleyetal. 1988). Besides
(Andrievskaya 1957, Allen and Aron 1958, LeBrasseur their initial freshwater residency, early estuarine and
1966, Peterson et al. 1982, Pearcy et al. 1984). marine residences appear to be critical periods for

chum salmon and can affect the eventual number of
Biological Interactions returning adults (Bakkala 1970, Bax 1983). Bax (1983)
Predation: In freshwater and estuarine environments, showed that chum salmon in Puget Sound can have
this species’ primary predators are probably other high early marine mortality. Parker (1971)suggested
salmonids. Chum salmon fry are reportedly eaten by that chum salmon fry must "outgrow" their marine
juvenile coho (O. kisutch), sockeye (0. nerka), and predators. Stream temperatures affectfryemergence
chinook salmon (O. tshawytscha), cutthroat (O. c/ark1) and migration, and mayprompt synchronized emigration
andrainbowtrout(O.mykiss),DollyVarden(Sa/ve/inus during ’~vindows of opportunity" (Holtby et al. 1989).
ma/ma), sculpins, Pacific cod (Gadus macrocepha/us), There also appears to be adverse interactions between
and birds [belted kingfisher (Megaceryle a/cyon), pink salmon (O. gorbuscha) and chum salmon, based
merganser (Merginae), and others] (Bakkala 1970, on fewer chum salmon returning to spawn in years
Scott and Crossman 1973, Bax et al. 1980, Fresh when pink salmon are abundant (Ames 1983, Fresh
1984, Nagata and Miyamota 1986). Predation rates 1984). Beacham and Start (1982) suggested that
are variable, depending on such factors as predator competition between chum and pink salmon in the
and prey size, the alevin’s amount of yolk, abundance Fraser River estuary or Strait of Georgia reduces
of fry, and composition of other prey (Hunter 1959, eventualadultchum salmon abundance. Andrievskaya
Fresh and Schroeder 1987). At sea, juveniles are (1970)foundthatinyearsoflowpinksalmonabundance,
preyed on by lamprey, shark, and probably other large chum and pink salmon in the ocean eat similar prey.
predatoryfishes. Subaduit and adult chumsalmon are But in years of high pink salmon abundance, chum
eaten by killer whales (Orcinus orca), harbor seals salmon consume different prey. Fishing pressure also
(Phoca vitulina), and other marine mammals (Fiscus affects abundance. The Japanese high seas salmon
1980). Bears and large predatory birds such as osprey fishing fleets and an unrestricted squid gillnet fishery
(Pandion haliaetus) and bald eagles (Haliaeetus take an unknown bycatch of chum salmon from North
leucocephalus) prey on spawning adults (Scott and America.
Crossman 1973).
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Oncorhynchus kisutch
Adults

10 cm

Common Name: coho salmon Recreational: The coho salmon is the primarytarget
Scientific Name: Oncorhynchus kisutch many marine and freshwater sport fishermen on t
Other Common Names: silver salmon, blueback Pacific coast. A total of 674,000 fish (not includi
salmon; hookbill, hooknose salmon, hoopid salmon, freshwater catch) were caught by sport anglers
jack salmon, medium red salmon, salmon trout, California, Oregon, Washington, and Alaska in 19
siverside salmon, white salmon (Scott and Crossman (Pacific Marine Fisheries Commission 1986). Sp
1973, Shiino 1976, Laufle et al. 1986) caught coho salmon originating from the Columl
Classification (Robins et al. 1980) River were estimated to be worth over $30 milli
Phylum: Chordata (Richards 1986). Most coho salmon are caught
Class: Osteichthyes trolling (in ocean and estuaries), but they are also tal<
Order: Salmoniformes by spin casting and fly-fishing. It is a highly-esteerr
Family: Salmonidae sport fish because of its abundance, availability, si:

fighting ability, and excellent taste. This species ~
Value introduced into the Great Lakes and is now v,
Commercial: The coho salmon is fished commercially abundant there (Morrow 1980).
from Norton Sound, Alaska, south to northern Japan,
and along western North Americato northern California. Indicator of Environmental Stress: Reduced run si;
It is also fished on the high seas (International North are often the result of adverse environmental ~
Pacific Fishery Mangement Council 1979). Coho habitat changes. Coho salmon exposed to t
salmon make up 8-11% of the total Pacific salmonid concentrations of aromatic hydrocarbons decre~
catch (Forrester 1982, Takehama 1983). This species feeding, while fish exposed to high concentrations n
isusuallyrankedfourthincommercialcatches(numbers stop feeding for days (Purdy 1989). See "Fact
and weight) of salmonids [behind pink (Oncorhynchus Influencing Populations".
gorbuscha), chum (O. keta), and sockeye salmon (O.
nerka)]. An annual average of 19,500 t were landed in Ecological: The coho salmon is a common specie
the United States from 1980-1984 (National Marine many coastal streams (Atkinson et al. 1967). Stre~
Fisheries Service 1986). The 1985 commercial catch dwelling juveniles are territorial (Shapovalov and
was worth approximately $46 million (National Marine 1954, Steine et al. 1972) and sometimes prey on ol
Fisheries Service1986). Itiscommerciallycaughtwith salmonids (Fresh and Schroeder 1987). Subad
gill nets (drift and set), purse seines, reef nets, and and juveniles are common in neritic waters off Ore!
trolling (primary method). Some fish are canned, but andWashington (Fisheret al. 1983, Fisherand Pe~
most are sold fresh or fresh-frozen for human 1985).
consu mption. About 75% of the U.S. catch comes from
Alaska and is harvested primarily during July and Range
August. Native Americans are allocated 50% of the Overall: The coho salmon spawns in coastal stre~
coho salmon harvest in Washington (Clark 1985). from northern Japan to the Anadyr River in Siberia
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Coho salmon continued

into smelts (juveniles that migrateto the ocean). Smelts,
~able 1. Relative abundance o~ coho salmon ocean-dwelling and maturing juveniles (subadults),

in 32 U.S. Pacific coast estuaries, and adults are primarily pelagic (Shapovalov and Taft
Life Stage 1954). Subadults and adults in rivers and streams are

Estuary___ A S J L E bottom-oriented.
Puget Sound ~i ....iiiiiiiiii ~)i :!~i:i:i:!.,:i:i:i:i:i~ii!iiiiii :!ii!i~i!iRelative abundance:
Hood Canal ;:~ii iii~iliiii! i~ iiiiiiiiiiiiiitiiiiiii!iiiiī Highly abundant Habitat
Skogit Bay i~i’iiiiiiii;i’ii~’iiiiiiiiii"!iiiiiiiil® ~u,dant T_Jtg_.~: Eggs, alevins, fry, and parr are riverine. Eggs

,i~[iiii~.:.:iti~iiiii-,!!!~i~!.~ O Common and alevins occur primarily in riffle areas of streams.Grays Harbor i..,-.,: i:~:~:;:~:.~:.........;:.:!:.:!:..i:.:.:!:.:~ Rare
Willapa Bay I~ (~ Blank Not present Fryinhabit shallow stream areas adjacentto pools, but

-- ColumblaRiver ~ ~ move into deeper waters as they grow (Shapovalov
Nehalem Bay ~ ~ and Taft 1954, Moyle 1976). Smelts are found in rivers,
Tillamook Bay ~} I~ life stage: estuaries, and nearshore coastal waters. In estuaries,

Ne~sBay ~iiiiiiiii~’ii~]iiiiiiiiiiitiii~iiiii~A-~,I~ smoIts occur in intertidal and pelagic habitats
sile~z River i~iiiiiiiiiii!~ ..........ili!iiiiii ’:.:.:.:~:.’:~:~:~:~JS-- JuvenilesSpawnlng adalts(Simenstad and Eggers 1981, Durkin~ 1982, Myers and

-- YaqulnaBay i~iiiii!!ii!;iI .........i’iili:!::i::i::~ii!iiiiiii::::: :::::L-Lawae Horton 1982), with deep, marine-influenced habitats
~sea River i~i iii!i!!~ii~i !~i~ ~!~!~i~:,~i~i~i~i~E- Eggs often preferred (Macdonald et al. 1987). Smelts are

siuslaw River (~ ~] epipelagic in offshore marine waters (Miller et al. 1983).
um~qua River ~ ~ Subadults range from neritic to oceanic (Hartt and Dell

coos Bay ~ ~ 1986). Adults are estuarine and riverine.
Rogue R[ver ~} ~}

K~amath River ~i’iiii:ii:iiii’:ii~ ’ii:iiiiiiii"iiiii!iiii Substrate: Eggs are buried in areas that are composed
Humboldt Bay ~!~ iii!~i!!i!ii!~ i!!~ ...........i! ......... of gravel ranging from 1 3-10.2 cm in diameter (Reiser

Eel i~i ili!~i!~i!~il ii~ and Bjornn 1979, Bell 1984). Coho salmon are the only
Tomales Bay ~i !iiiiiiiii ::~ i::iiiii::i:::,:ii::iiii::i salmon whose redd can contain up to 10% mud (Burner

Cent. San Fran, Bay * Irlcludes Central San
Fr-.~=. su~u,. 1951 ). Juveniles in streams are not substrate selective,

South San Fr~. Bay ~,~ S~ P,~ ~,~. but prefer areas with good cover and food availability.
Elkhom Slough Smelts, subadults, and adults can be found migrating

Morro Bay
Santa Monlca Bay ......................................... ’ .......... over a wide range of substrates (mudflats to rocks).

Ban Pedro Bay ::::::::::::::::::::::::::::::::::::::::::::::::::::::
physical/Chemical Characteristics: The coho salmon

Alamitos Bay :::::::::::::::::::::::::::::::::::::::::::::::::::~;~; ;~;;~;~;~;~;t~;~;~;~ is found in fresh water to euhaline waters. Eggs,A~abeim Bay i~i!i~;iii~: iiiiiiiiii i~iii~i~;i ~;iiiii~:i ~iii~iil
alevins, fry, and parr occur in fresh water. Smelts andNeWo,~Bay
adults are euryhaline. Eggs and alevins are found inMiss=on Bay
waters ranging from 4.4-21.0°C (Bell 1984), but 4.4-

fijuana 13.3°C is best for egg incubation (Reiser and Bjornn

A S J L E 1979). Juveniles prefer stream temperatures of 11.8-
14.6°C, with 25.17C the upper lethal limit (Brett 1952).
Growth ceases above 20.3°C because of increased

from northern Monterey Bay, California, to Point Hope, metabolic rate (Bell 1984). However, other water
Alaska (Moyle 1976). In the ocean, it occurs in coastal quality parameters can lower this upper thermal limit
waters from Baja California to the Bering Sea (Hart (Ebel et al. 1971). Water temperature can also affect
1973, Hartt and Dell 1986). juvenile osmoregulatory ability (Zaugg and McLain

1976). At sea, most coho salmon are found in waters
’ i..~..~: This species occurs in all estuaries that are 4.0-15.2°C. (Godfrey et al. 1975, Fredin et al.
north of Monterey Bay, California, to Puget Sound, 1977). Adults can migrate upstream in velocities up to
Washington (Table 1). It is very rare in San Francisco 2.44 m/sec; juveniles prefer stream velocities of 0.09-
Bay(strays). Major U.S. spawning grounds (otherthan 0.46 m/sec depending on the habitat (Reiser and
Alaska) are in Washington and Oregon (Atkinson et al. Bjornn 1979). Adequate stream cover is important to
1967). freshwater life stages. Juveniles and eggs require

well-oxygenated waters. Dissolvedoxygen (DO)levels
Life Mode below 8 mg/I sharply reduce embryo survival (Phillips
The coho salmon is an anadromous species. Eggsand and Campbell 1968) and DO levels below 4 mg/I
larvae (alevins) are benthic and infaunal. Young reduce juvenile food consumption, food conversion,
juveniles (fry and Parr) are benthopelagic. Parrbecome and growth (Herrmann et al. 1962). Low pH (below
. pelagic and acquire a silver color when theytransform 5.01) can be lethalto newly-hatched alevins (Rombough
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1983). Adults need a minimum depth of 18 cm to salmon can migrate up to 30 km/day (Godfrey et al.
migrate and spawn (Thompson 1972). Short-term 1975). Ocean migration appears to involvethe useof
pulses of suspended sediment in streams can cause a magnetic information, celestial cues, and polarized
breakdown of social~organization, a change in light. Olfaction appears to be the dominant guidance
aggressive behavior, an increase in activity, and a mechanism during the riverine (spawning) migration
decrease in feeding ability (Berg 1982). High turbidity (Brannon 1982, Quinn 1982, Hasler and Scholz 1983).

’ can affect emergence and growth of young coho salmon
(Sigler et al. 1984) and also alters feeding habits Reproduction
(Reiser and Bjornn 1979). Mode: The coho salmon is gonochoristic, oviparous,

and semelparous (all adults die after spawning). Eggs
Migrations and Movements: Over their range, adult are fertilized externally.
coho salmon can be found to migrate into their natal
streams from June to February and spawn from Mating/S.~awning: Spawning occurs from September
September through March (Washington 1982). Fry to March (depending on location). Peak spawning
initially live and school in shallow gravel areas, but occurs from September to February in the Columbia
soondisperseupstreamanddownstreamandtodeeper River (Netboy 1980) and November to January in
watersastheygrow. Frymaybedisplaceddownstream California(Moyle 1976). This species typically spawns
by fall freshets. Fry may enter tributaries, sloughs, and in small streams (sometimes in large rivers) within 240
side channels to overwinter, and return to the km of the river mouth (Laufle et al. 1986). Although
mainstreaminspring(TschaplinskiandHartman1982), coho salmon may spawn in the same habitats as
After residing approximately one year in fresh water chinook salmon (Burner 1951), it normally spawns in
(two or more in northern streams) most juveniles will areas that have lower stream velocities, shallower
migrate to the ocean (outmigration) (Gribanov 1948, depths, and smaller gravel (Fraser et al. 1982). The
Godfrey 1965). Most juveniles outmigrate from April to coho salmon typically spawns in riffle areas where
August, peaking in May (Shapovalov and Taft 1954, water velocities are 0.08-0.70 rn/sec, stream depths
Deschamps et al. 1971, Simenstad and Eggers 1981, are 0.05-0.66 m, substrategravel ranges from2-15cm
Myers and Horton 1982, Dawley et al. 1986). in diameter, and water temperatures are 4-14°C
Outmigration has been reported to occur at night (Schmidtetal. 1979). Spawning adults are dimorphic.
(McDonald 1960) and day (Durkin 1982, Dawley et al. Males have a thick, hooked snout, exposed teeth, and
1986). Migrating smolts are approximately 8.8-13.8 change color, while females change little (Scott and
cm long (Salo and Bayliff 1958, Durkin 1982), with Crossman 1973). Females select and build the redds
larger smolts migrating sooner than smaller smolts and both sexes areterritorial. Adominant(larger)male
(Durkin 1982). Limited estuarine rearing occurs in the moves into the nest and spawns with the female when
Columbia River estuary (Dawley et al. 1986). However, ready. At this time subdominant males may dart in and
in Puget Sound, residency for coho salmon smolts was release sperm (Scott and Crossman 1973). Females
estimated to be 6-40 days, with 3-5% of the naturally- will spawn in up to four different nests and with different
produced yearling coho salmon residing inside the males. Eggs are covered by the digging and
Strait of Juan de Fuca until maturity (Simenstad et al. displacement ofgravelupstream (Scott and Crossman
1982). In Yaquina Bay, Oregon, a few overwinter 1973). Reddsaverage2.9m2(Burner1951),witheggs
within and near the bay, but most juveniles migrate out buried an average of 22.0 cm deep (Gribanov 1948).
of the bay in 2-9 days (Myers and Horton 1982). Some
coho salmon fry in Canada may rear in estuaries from Fecundity: In North America, a coho salmon female
March to October or November (Tschaplinski 1982). can lay 1,000-5,700 eggs (depending on size) (Scott
Once in the ocean, smolts from Oregon and coastal and Crossman 1973, Moyle 1976). Average fecundity
Washington rivers appear to initially head south, but is about 2,500-3,500 eggs per female (Rounsefell
later head north (Pearcy 1984). Most Oregon coho 1957, Crone and Bond 1976, Wydoski and Whitney
salmon probably remainincoastalwatersoffCalifornia, 1979). In Kamchatka, U.S.S.R., the average is about
Oregbn, and Washington (Parmenterand Bailey 1985, 5,000 eggs per female (Gribanov 1948).
Pearcy and Fisher 1988). However, during the first
summer some may make extensive migrations to the Growth and Development
Gulf of Alaska (Hartt and Dell 1986), but by their Egg Size and Embryonic Development: This species’
second summer, many will be captured by sport and ’ egg is relatively large and second only to the chinook
commercial fisheries near their river of origin (Wright salmon’s in size (Rounsefel11957). In Canada, coho
1968). Both juveniles and adults stay nearthe surface salmon eggs have a diameter of 4.5-6.0 mm (McPhail
(within 10 m), except when the sea is covered by a layer and Lindsey 1970), but are reported to be 6.6-7.9 mm
of warm water (Fredin et al. 1977). Maturing coho in diameter in the U.S. (Bell 1984). Embryonic
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external. Eggs hatch in 38 1941, Ito 1964, Scott and Crossman 1973, Fresh et al.
; at 11oC, 48 days at 9°C, and 86-101days at 4.5°C 1981). An opportunistic feeder, the coho salmon’s diet

et al. 1986). differs spatially and temporally, and probably reflects
relative prey availability (Prakash ~1962, Brodeur et al.

Larvae (alevins) are 17-19 mm 1987).
at hatching and grow to 27-30 mm in length before

the yolk sac is absorbed (Gribanov 1948). It takes Biological Interactions
about 2-5 weeks (depending on temperature) before Predation: In fresh water, juveniles are eaten by other
larvae absorb the yolk sac and leave the gravel fishes, including coho salmon smolts, cutthroat trout
(Gribanov 1948, Laufle et al. 1986). (0o clark1), rainbow trout (O. mykiss), Dolly Varden

( Salvelinus malma), squawfish ( Ptychocheilus
~uvenile Size Range: Juveniles range from 3 cm to at oregonensis), and sculpins (Scott and Crossman 1973).
least 40 cm long (Gribanov 1948). Marine fish predators include spiny dogfish (Squalus

acanthias) and other sharks. Juveniles are also eaten
~qe and $ize of Adults: Most coho salmon mature and by birds such as mergansers, belted kingfishers
spawn during their 3rd year, but some mature as 2-5 ~ (Megaceryle alcyon), loons (Gavia spp.), gulls, and
year-olds (Scott and Crossman 1973, Moyle 1976). common murres (Uria aalge) (Scott and Crossman
Two-year-old mature males that have spent only one 1973, Varoujean and Matthews 1983). Marine
summerin the ocean are call "jacks". Off Oregon and mammals such as harbor seals (Phoca vitufina),
Washington, "jack" abundance is agood predictor of northern and California sea lions (Eumetropias tubata
next year’s three-year-old coho salmon abundance. In and Zalophus californianus, respectively), and killer
the Fraser River, Canada, the coho salmon run is whales ( Orcus orcinus) will also eat coho salmon. Most
usually composed of 92% three-year-olds, 4% four- marine mammal predation occurs in nearshore,
year-olds, and 4% "jacks" (Fraser et al. 1982). Adults estuarine, and river areas (Fiscus 1980, Beach et al.
range from 40-99 cm in length (Gribanov 1948, Kessler 1981 ). On their spawning run, coho salmon are taken
1985). . by bears and other mammals, bald eagles (Haliaeetus

leucocephalus), and osprey ( Pandion haliaetus).
Food and Feeding
TroDhic Mode: Larvae feed ontheiryolk. Juveniles and Factors Influencing PoDulations: Freshwater mortality
subadults are carnivorous, "opportunistic" feeders, is high, with only 0.13-12.0% survival from egg to age

1 smolt expected (Fredin et al. 1977). This mortality is
Food Item~: Once fry emerge they begin feeding on a related to habitat suitability and alteration, disease,
vadetyofterrestrial and aquatic invertebrates (spiders, predation, disruption of eggs and larvae, siltation, food
rnites, insects, snails, etc.)(ShapovalovandTaft1954, abundance, and competition with other fishes
Scottand Crossman 1973). Parr mayeatinvertebrates (Chapman 1966, Steine et al. 1972, Fredin et al. 1977,
and other salmon (Roos 1960, Fresh and Schroeder Reiser and Bjornn 1979). Man-induced changes to
1987). In reservoirs, parr feed on zooplankten (e.g., streams by improper logging, road construction,
Daphnia), insects, and amphipods (Wydoski and irdgation, pollutants, dams and reservoir construction,
Whitney 1979, Muir and Emmett 1988). In estuaries, channelization, residential development, and
they feed primarily on large planktonic or small nektonic agricultural practices can cause physical and chemical
animals, such as amphipods (Corophium spp., alterations which may be detrimental to coho salmon

pp.), insects, mysids, decapod larvae, production (Reiser and Bjornn 1979, Laufle et al. 1986,
(includingothersalrnonids) Scrivener and Brownlee 1989). Summer streamflow

(Levy and Levings 1978, Fresh et al. 1979, Simenstad affects survival and is an important determinant of
and Eggers 1981, Durkin 1982, Pearce et al. 1982). Puget Sound ~,oho salmon runs (Mathews and Olson
Initially, ocean-dwelling cohosalm0n eat decapod 1980).Valleytributariesandsloughsmaybeimportant
larvae, gammaddandhypeddamphipods, euphausiids, for winter survival for many coho. salmon juveniles
terrestrial insects, copepodsl cephalopods, Cnideria, (Tschaplinski and Hartman 1982). Marine mortality
gastropods (Limacina helicina), planktonic annelids, can also be high; Lander and Henry (1973) estimated
and larval and juvenile fishes (Peterson et al. 1983, that only 5-6% of Columbia River smolts survived after
Emmett et al. 1986, Brodeur et al. 1987, Brodeur 13.5 months at sea. Year-class strength appears to be
1989). As they grow, juveniles become more determined very earlyin ocean residence and may be
piscivorous, eating northern anchovy (Engraulis related to predation rates (Fisher and Pearcy 1988).
mordax), Pacificherdng(Clupeapallasl), Pacificsardine Ricker (1976) estimated that the offsliore troll fishery
(Sardinops sagax), juvenile scorpaenids, capelin kills one coho salmon (below legal size) for every two
(Mallotus villosus), and other fish- species (Silliman landed. Coho salmon abundance has been correlated
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with ocean "upwelling" one year earlier (Gonsolus Bilton, H. T., D. F. Alderdice, and J. T. Schnute. 1982.
1978). The Oregon Production Area coho salmon Influence of time and size at release of juvenile coho
population has gone from~gredominantly high-survival salmon (Oncorhynchus kisutch) on returns at maturity.
wild fish to predominantly low-survival hatchery fish Can. J. Fish. Aquat. Sci. 39:426-447.
(Nickelson 1986). Over 62 million hatchery smolts

’ werereleasedintheOregonProductionArea(Monterey Brannon, E. L. 1982. Orientation mechanisms of
Bay, California to Leadbetter Point, Washington) in homing salmonids. In E. L. Brannon and E. O. Salo
1981, including 24 million from private hatcheries (editors), Proceedingsofthesalmon andtrout migratory
(Nickelson 1986). Hatcheries (private and public) play behavior symposium, p. 219-227. School Fish., Univ.
a dominant role in the abundance of this species in the Wash, Seattle, WA.
Pacific Northwest. However, the introduction of hatchery
coho salmon presmolts into streams appears to reduce Brett. J. R. 1952. Temperature tolerance in young
wild coho salmon populations (Nickelson et al. 1986). Pacific salmon, genus Oncorhynchus. J. Fish. Res.
Hatcheries may also precipitate overharvest of wild Board Can. 9(6):265-323.
stocks and cause density-dependent mortality in both
freshwaterandmarineenvironments(Lichatowichand Brodeur, R. D. 1989. Neustonic feeding by juvenile
Mclntyre 1987). Coho salmon smolts may need to salmonids in coastal waters of the northeast Pacific.
reach a "critical size" for proper smoltification and Can. J. Zool. 67:1995-2007.
marine survival. Hence, growth and time of release are
importantattributesforhatcheryfish(Biltonetal. 1982, Brodeur, R. D., H. V. Lorz, and W. G. Pearcy. 1987.
Mahnken et al. 1982). Thomas (1985) found a Food habits and diet variations of pelagic nekton off
correlation between coho salmon hatchery production Oregon and Washington, 1979-1984. NOAA Tech.
and a decline in central California Dungeness crab Rep. NMFS 57, 32 p.
(Cancer magister) abundance, probably related to
coho salmon feeding on crab megalopae. El NiSo also Burner, C. J. 1951. Characteristics of spawning nests
affects coho salmon abundance (Hayes and Henry of Columbia River salmon. Fish. Bull., U.S. 61(52):97-
1985). Finally, Japanese high-seas fishing fleets take 110.
unknown numbers of coho salmon andthe squid gillnet
fisheries may also take coho salmon incidentally. Chapman, D.W. 1966. Food and space as regulators

of salmonid populations in streams. Am. Nat. 100:345-
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Oncorhynchus mykiss
Adults

10 cm

Common Name: steelhead (rainbow trout)          suspended sediment (Reiser and Bjornn 1979, Be
Sclent’ific Name: Oncorhynchus mykiss, previously 1984).
known as Salmo gairdneri (Smith and Stearley 1989)
Other Common Names: Kamchatka salmon-trout, E~;01ogical: The steelhead is a dominant fish in man
coastal rainbowtrout, silvertrout, salmontrout, ironhead, coastal and inland streams/rivers,
chromer, hardhead, steelie, sea-run rainbow trout,
seatrout, silversides, or summer salmon (Pauley et al. Range
1986) Overall: This species was originally found fro~
Classification northwestern Mexico to Kuskokwim River, Alaska
Phylum: Chordata Now it is rarely found south of the Ventura Rive~
Class: Osteichthyes California (Wydoski and Whitney 1979, Barnhart 1986)
Order: Salmoniformes It is also foundin Kambhatka and OkhotskSea drainage:
Family: Salmonidae (McPhail and Lindsey 1970).

Value Within Study Area: The steelhead is found in all Pacifi,
Commercial: The peak commercial catch (3,900 t) of coast estuaries north of San Francisco Bay, Californi;
steelhead occurredin 1945 (Sheppard 1972). Presently, (Table 1 ) (Monaco et al. 1990). A small run occurs ii
onlyNativeAmericansare allowedtofishcommercially Morro Bay, California (Horn 1980).
for steelhead in Oregon and Washington. In 1985, 342
t were landed in the Columbia River, caught primarily Life Mode
with gillnets (Bohn and Mclsaac 1986). The steelhead is the anadromous form of the rainbov

trout. Eggs and larvae (alevins) are benthic ant
Recreational: The steelhead is a highly-prized sport infaunal. Young juveniles (fry and parr) arc
fish because of its size, fighting abilities, and excellent benthopelagic. Parr become pelagic and acquire ~
taste. Nearly all recreational fishing occurs in streams silver color when they transform into smoits (juvenile.,
and rivers. In Washington, steelhead allocation is thatmigratetotheocean). Steelheadparrareterritoria
divided 50:50 between Native American and non- and reside in streams and rivers from 1 to 4 year.’
treaty fishermen (Clark 1985). Although much natural before transforming into smolts (Pauley et al. 1986)
reproduction occurs, steelhead abundance has been Smolts, ocean-dwelling and maturing juveniles
augmented by hatchery production (Larson and Ward (subadults), and adults are epipelagic (to depths of 2~
1954);approximately17millionsteelheadsmoltswere m) (Okazaki 1983, Alaska Department of Fish ant
planted in the Columbia River basin in 1987. Game 1985). Subadults and adults in rivers an(

streams are bottom-oriented.
Indicator of Environmental Stress: This species is
susceptible to changes in temperature, dissolved Habitat
oxygen, substrate, water depth, water velocities, and T_..yD_9_: Eggs, alevins, fry, and parr are dverine. Smolt,~
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Steelhead continued

e 1. Relative abundance of steelhead in 32 U.S. Pacific coast estuaries.

Winter Summer Half-pounder Fall

~ ~ " Life Stage Life Stage Life Stage Life Stage
~: Estuary A S J L E A S J L E A S J L E A S J L E

Willapa Bay ~ I~ Blank Not present
Columbia River ~ (~ ~

Nehalem Bay ~
Tillamook Bay O O O O Ufe s~ge:

Siuslaw River ~
Umpqua River O O O O

Co~ Bay ~ ~
Rogue River ~ ~ ~il ~

~nt. ~n Fran. Bay" O O * tnd~es Centr~ San

~u~ San Fran. Bay Fran~, Suisun,
and ~n P~o

Elkhorn Slough
Morro Bay q

Newpo~ Bsy

Mission Bsy

~ Dido Bsy

TBusna Blua~

ASJ    LE     ASa    L E A 8 J L E A 8 J L E

are riverine and estuarine. Fry and parr reside in areas probably not substrate-dependent.
that have cover and move to deeper water (such as
pools) as theygrow. Subadults and adults are found in Physical/Chemical Characteristics: The steelhead
coastal neritic waters during ocean residence and in survives temperatures from 0-28°C, but at the upper
rivedne habitats duringthe spawning migration. Smolts, limit water must be saturated with dissolved oxygen.
subadults, and "kelts" (spent adults) migrate through The best temperatures for growth and development
estuaries, but this species does not spend much time are 13-21°C (Moyle 1976). Freshwater life stages
rearing in estuaries (Dawley et al. 1986). prefer temperatures of 10.0-12.8°C (Bell 1984);

spawning occurs at 8.0-15.5°C (Wang 1986). The
~ubstrate: Eggs are found in redds made in areas steelhead appears to grow best in slightly alkaline (pH
containing medium and small gravel (<85 mm in = 7.0-8.0) waters (Moyle 1976). Eggs, alevins, fry, and
diameter) (Shapovalov and Taft 1954, Alaska parr are only found in fresh water. Juvenile salinity
Department of Fish and Game 1985). Fry overwinter tolerance is determined by fish size and water
in stream areas where rubble is present. Sport-caught temperature (Johnsson and Clarke 1988). Successful
adults are often captured below spawning tributaries in smoltification to be temperature-dependentappears
swift-flowing water containing boulders (Scott and (Zaugg et al. 1972, Adams et al. 1975). Smolts,
Crossman 1973). Oceanic juveniles and adults are subaduits, and adults are found in fresh to marine
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Steelhead continued

waters. This species’ ocean distribution is influenced the ocean and return a year or more later to their nat;
by sea surfacetemperatures (Sutherland 1973). stream as "repeat spawners". The percentage

repeat spawners appears to vary according to stocl
Migrations and MoVements: The steelhead has habitat quality, fishing intensity, and manageme~
excellent homing abilities, so unique stocks or races practices (Shapovalov and Taft 1954, Withler 196~
have developed in specific drainage areas or streams Jones 1977, Barnhart 1986). Females survive spawnin
(Moyle 1976). At least two races exist, as defined by more often than males (Withler 1966); up to five time
when adult fish enter fresh water to spawn (Smith has been documented (Jones 1984).
1960). The winter run migrates upstream during fall,
winter and early spring, while the summer run migrates Fecundity: Fecundity varies with female size an
during spring, summer, andearlyfail(Bel11984). Inthe geographic origin (Buckley 1967). Most female
Columbia River and other large rivers with many produce an average of 1,500-5,000 eggs (Bell 1984
tributaries, there are probablysome steelhead entering although large females may produce over 12,000 egg
year round. Adults appear to enter spawning streams (Moyle 1976).
during freshets (Pautzke and Meigs 1940). Juvenile
steelhead normally rear in fresh water for 1-4 years Growth and Development
(usually2or3). Theythenmigratetotheocean(during Egg Size and Embryonic Develo_~ment: Eggs ar,
spring-early summer) where they spend 1-5 years spherical, non-adhesive, and 3.0-6.2 mm in diamet~

. (usually 2 or 3) before returning to their natal river. In (Scott and Crossman 1973, Wang 1986). Embryoni,
some northern California and southern Oregon Rivers development is indirect, external, and has an alevi~
(e.g., Klamath, Eel, and Rogue rivers), a"half-pounder" (prolarval) stage. Eggs hatch in 18-101 days, dependin!
run exists. These are immature fish (weighing onwatertemperatureandoxygenconcentrations(Silve
approximately one-half pound) that returnto rivers and et ai. 1963, Carlander 1969).
streams after just a few months in the ocean. They
overwinter in streams and then migrate back to sea in Age and Size of Larvae: Alevins are 14.0 mm long a
the spdng (Kesner and Barnhart 1972). Virtually all hatching, and grow to a length of 28.0 mm befor~
summersteelheadfromtheseriversmakehalf-pounder becoming juveniles (Wang 1986).
migrations, but only a small percentage of winter
steelhead do (Satterthwaite 1988). Half-pounders ~l~v~nile Size Range: Juvenile lengths are extremel~
appear to stray significantly more than adults variable (2.8-40.6 cm), depending on age an(

.!! (Satterthwaite 1988). Smolts and adults spend little environmental conditions (Scott and Crossman 1973)
:~ time in estuaries (Dawley et al. 1986). In the ocean, the

steelhead is most abundant in the Gulf of Alaska and Age and Size of Adults: Wild fish usually spend 2-L
the eastern North Pacific (Sutherland 1973). In some years in fresh water and 1-5 years at sea. Mos
California coastal streams, it may return only in the fall hatchery fish spend only one year in fresh water. Mos
because river mouths are not ~pen (i.e., lack sufficient returning wild fish are 2/2, 2/3, 3/2, and 3/3 (years
depth) until after heavy rains (Fry 1973). freshwater/years in ocean), while hatcheryfish are 1/1

1/2, or 1/3 (Pauley et al. 1986). The more time spen
Reproduction in the ocean (during the initial ocean residency), usuall~
Mode: The steelhead is gonochoristic and oviparous; the larger the fish is at maturity (Maher and Larkir
eggs are fertilized externally. This species differs from 1954). Mature steelhead range from 45-70 cm ir

~ allothermembersofthegenusOncorhynchus(except length and usually 2-5 kg (Shapovalov and Taft 1954
cutthroat trout, O. clark~) in that it is iteroparous. Wydoski and Whitney 1979, Jones 1984). However

steelhead can reach nine years (Washington 1970),
Mating/Spawning:Winter-run steelhead typically spawn 122 cm in length (Scott and Crossman 1973), and 19.~
from December to June (Bell 1984), while summer kg (Hart 1973). Fish in the southern part of the rang~
steelhead (which return to fresh water in spring and aresmallerandspendlesstimeatseathanthosetoth~
summer)donotspawnuntilthefollowingspdng(Everest north (Withler 1966). Adults averaged 58.1 cm ir
1973). Spawning pedods vary from north to south and length in California, 66.7 cm in Oregon, and 71.0 cm ir
by river system (Leider et al. 1984). Females build southern British Columbia (Withler 1966).
redds (up to 5.5 rr~)in, areas with appropriate gravel
and water flows. The mating male defends the female Food and Feeding
and redd from intruders and fertilizes the eggs as the TroDhic Mode: Larvaefeed ontheiryolk. Juveniles ano
female extrudes them (Shapovalov and Taft 1954). adults are carnivorous.
Spawning occurs day and night. Spent adults (kelts)
may not die after spawning, but instead move back to Food Items: Infreshwater and estuarine areas, primary
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Steelhead continued

food items include gammarid amphipods, small Barnhart, R.A. 1986. Species profiles: life histories
crustaceans, insects, and small fishes (Moyle 1976, and environmental requirements of coastal fishes and
Wydoski and Whitney 1979, Loch 1982, Dawley et al. invertebrates (Pacific Southwest) -- steelhead. U.S.
1986). In the ocean, juveniles and adults eat Fish Wildl. Serv. Biol. Rep. 82(11.60), U.S. Army
crustaceans, insects, squid, and fishes (LeBrasseur Corps Eng., TR EL-82-4, 21 p.
1966, Wydoski and Whitney 1979).

Bell, M.C. 1984. Fisheries handbook of engineering
Biological Interactions requirements and biological criteria. Fish Passage
~: In fresh water, this species is eaten by coho Development and Evaluation Program, Corps Eng.,
salmon(O.kisutch),char(Salvelinusspp.),mergansers, North Pac. Div., Portland, OR, 290 p. (Contract No.
gulls, belted kingfisher (Megaceryle alcyon), bears, DACW57-79-M-1594 and DACW57-80-M-0567).
marten ( Martes americana), otter ( Loutra canadensis),
and other steelhead. In the ocean, Pacific lamprey Bohn, B. R., and D. Mclsaac. 1986. Columbia River
(Lampetratridentata),seals, seaiions, andkillerwhale fish runs and fisheries 1960-1985. Oreg. Dept. Fish
(Orcinus orca) prey upon this species (Scott and Wildl. and Wash. Dep. Fish., Clackamas, OR, 77 p.
Crossman 1973, Simenstad et al. 1979).

Buckley, R.V. 1967. Fecundity of steelhead trout,
F._actors Influencing Populations: Freshwater life stages Salmo gairdneri from Alsea River, Oregon. J. Fish.
are often adversely affected by natural and human- Res. Board Can. 24(4):917-926.
induced habitat alterations. Most natural mortality
occurs in the egg and larval stages (97%) (Shapovalov Carlander, K. D. 1969. Handbookof freshwaterfishery
and Taft 1954). Factors which influence freshwater biology, Vol. 1. Iowa State Univ. Press, Ames, IA,
mortalityinclude the numberof eggs deposited, siltation, 752 p.
dissolved oxygen, water velocity, temperatu re, turbidity,
depth, barriers, pollution, and competition with other Chilcote, M. W., S. A. Leider, and J. J. Loch. 1986.
fishes (Pauley et al. 1986). Survival of migrating smolts Differential reproductive success of hatchery and wild
is size-dependent, with larger and older fish having summer-runsteelhead undernaturalconditions. Trans.
higher survival rates (Pauley et al. 1986, Ward et al. Am. Fish. Soc. 115:726-735.
1989). "El Ni~o" (i.e., abnormally warm ocean
conditions) also affects survival and growth (Pearcy et Clark, W.G. 1985. Fishing in a sea of court orders:
al. 1985). Overfishing has reduced some populations Puget Sound salmon management ten years after the
and the proliferation of hatchery smolts can adversely Boldt decision. N. Am. J. Fish. Manag. 5(3B):417-434.
affectwild fish populations (Pauley et al. 1986). Hatchery
fish do not have survival rates as high as wild fish nor Dawley, E. M., R. D. Ledgerwood, T. H. Blahm, C. W.
are they as successful in producing smolted offspring Sims, J. T. Durkin, R. A. Kirn, A. E. Rankis, G. E.
(Chilcoteetal. 1986). Many wild stocks in Washington Monan, and F. J. Ossiander. 1986. Migrational
appear to have reduced genetic diversity because of characteristics, biological observations, and relative
interbreeding with hatchery-produced fish survival of juvenile salmonids entering the Columbia
(Reisenbichler and Phelps 1989). Some stocks are River estuary, 1966-1983. Final Rep. to Bonneville
more resistant to disease than others (Wade 1986). Power Adm., Contract DE-A179-84BP39652, 256 p.
Hence, interbreeding between wild and hatchery fish Available Northwest and Alaska Fish. Center, 2725
may produce fish with lower resistance to disease. Montlake Blvd. E., Seattle, WA.
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Oncorhynchus nerka
Adults

10 cm

Common Name: sockeye salmon catches do occur in Alaska) (Pacific Marine Fisheries
Scientific Name: Oncorhynchus nerka Commission 1987). However, the landlocked variety
Other Common Names: red salmon, kokanee (kokanee) is a very important freshwater sport fish in
(landlocked populations), blueback, redfish, Fraser California, Oregon, Washington, Idaho, and Alaska
River salmon, nerka, sau-aui salmon, sukkegh salmon, (Scott and Crossman 1973, Moyle 1976).
Kennerly’s salmon, kootenary salmon, silver trout, little
redfish, princess trout (Shiino 1976) Indicatorof Environmental Stress: Upstream migrations
Classification (Robins et al. 1980) may be disrupted when waters have hydrocarbon
Phylum: Chordata concentrations of 1-10 ppb (or greater) (Martin et al.
Class: Osteichthyes 1990). See "Factors Influencing Populations".
Order: Salmoniformes
Family: Salmonidae [Ecological: This species is the third most abundant

salmonid in the North Pacific [behind pink and chum
Value salmon (O. keta)] (Fredin et al. 1977).
Commercial: The sockeye salmon is a prized
commercial fish because of its excellent flesh color and Range
"’~yor (Scott and Crossman 1973). It is second only to Overall: This is a boreal Pacific species. In Asia, it is

~ I"sa mon (O. gorbuscha) in U S salmonid landings, found from the southern Kurile Islands to the northern
-ir~value. In 1985, U.S. fishermen received over sea coast of the U.S.S.R. In North America, important
",~.for their sockeye salmon catch (National spawning populations occur from the Columbia River

"~ Service 1986). In 1978, U.S. fishermen in the south to northern Alaska in the north (French et
, ~nillion sockeye salmon, primarily in ° al. 1976). The oceanic distribution ranges from the
i~1, \\1~9.81). The sockeye salmon is easternBeringSeasouthtolat.45°N, and is associated
stY\ No. rth Pacific (Japan to Oregon), with the California Current as far south as Los Angeles
Tra~ ~q most (Fredin 1980). U.S. Harbor (French et al. 1976, Eschmeyer et al. 1983).

~, ",e salmon have fluctuated
McPha~ "’,~due to fluctuations in Within Study Area: The Columbia River is the southern
fishes or. ~,!aska (Fredin et al. limit of all sizable runs (Table 1) (Foerster 1968). The
Board C~. ",.captured by gill sockeye salmon is abundant in Puget Sound (Wydoski

~ ~lling), during and Whitney 1979). Two runs also exist onthe northern
Monaco, M~:,~ coast of Washington in Lake Quinault and Lake Ozette
Nelson. 199~ / " (Pauley et al. 1989).
and invertebr~k ~" .~dromous
data summari~. / ~,tly as other Life Mode
Assessment Br~, ~/ ~ an important This is an anadromous species with a landlocked
240p. ’\~ F.’a (although large variety (kokanee). Eggs and larvae (alevins) are

�-o4498o
C-044980



Sockeye salmon continued

life cycle without going to sea (Moyle 1976). Smelts are
1. Relative abundance of sockeye salmon riverine and estuarine. Ocean-dwelling juveniles stay

in 32 U.S. Pacific coast estuaries, in nedtic and epipelagic areas u ntil fall and early winter,
UfeStage then move to oceanic areas (Hartt and Dell 1986).

Estuary    A S J L E While in the ocean, they reside in the upper 61 m
Puget Sound :ii~ i:i!~i:~iiiii i~ iiiii!iii~iil iiiiiiiiiillRelative abundance: (French et al. 1976). Adults are primarily estuarine and

¯ ~ Rare
Willapa Bay Blank Not present cobble. Fry and adults occur in the water column, but

GalumbiaRiver O! O are associated with gravel bottoms. Parr, smelts, and
Nehaler~ Bay juveniles live in the water column (Foerster 1968, Hart

"rillamoek Bay Ufe stage: 1973).

Siletz River ~i~!!i S - ,Spawning adults

Sius[awR{ver juveniles do not appear to be affected by salinity
UmpquaRiver changes, but are sensitive to temperature variations

Coos Bay (French et al. 1976). Normal spawning temperatures
Rogue River range from 3-7°C (Ricker 1966, Foerster 1968). Adu It

Cent. Sen Fran. Bay * Includes Central San
F,a,~=,Su~u,, of 4-14°C; apparent velocity (within the redd) moreSouth San Fran. Bay and S,, P~ ~. than 20 cm/hr; and spawning sediment composed ofE~khorn Slough less than 25% (byvolume) fines (<6.4 rnm) (Reiser andMer~o Bay , Bjornn 1979). The upper lethal water temperature is

Santa Monica Bay ii!iiiiiiii ~;iiiiiiiii iiiiiiiiil iiiiii!iil 24.4°C (Brett 1952), but growth ceases at temperatures

Newport Bay

Mlsslan Bay alevins (Rombough 1983), and nitrogen supersaturation
san D~eg0 Bay can adversely affect outmigrating smelts (Ebel et al.

Tijuana Estuary 1971 ).
A S J L E Migrations and Movements: Kokanee do not migrateto

sea, but anadromous stocks migrate extensively.
benthic and infaunal. Young juveniles (fry and parr) are Sockeye salmon generally spend 1-2 years rearing in
benthopelagic. Parr become pelagic before they freshwaterlakesand2-3yearsintheocean. However,

¯ transform into smelts (juveniles that migrate to the depending on geographic area, they may spend 0-4
ocean). Smelts, ocean-dwelling and maturing juveniles years in fresh water before migrating, and up to 4 years
(subadults), and adults are pelagic. Subadults and in the ocean ( ~Foerster 1968, Fredin et al. 1977). After
adults in rivers and streams are bottom-oriented, emerging from the redd (January-June), fry typically

move upstream or downstream into a nursery lake,
Habitat although some may move directly to estuaries (Foerster
T_y.p..~: Eggs, alevins, and fry are primarily riverine 1968). Once in lakes, young sockeye salmon live for
(some lacustrine); if in lacustrine environments they approximately1 month in the littoral zone before moving
occur where there is freshwater flow through the redd out into open lake waters, where they reside until they
(Wydoski and Whitney 1979). Parr normally rear in migrate to sea (McCart 1966, Foerster 1968). While
lakes for 1-2years, feeding primarilyinthe upper 20 m. residing in lakes, juveniles undertake vertical migrations,
However, in some populations parrdo not rear in lakes, probably related to food availability and predation risks
but move downstream after emerging from the gravel (Clark and Levy 1988). Smelts begin to migrate out of
(Foerster 1968). Anadromous stocks usually smoltify lakes when temperatures riseto 4-7°C (usually March-
after 1-2 years, but kokanee remain and complete their July) and normally at night (Hart 1973). One exception
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Sockeye salmon continued

is in Lake Washington, Washington, .where smolts (usually 5) (Hart 1973) and averages about 1.8 m2 in
migrate both day and night (Simenstad et al. 1982). size (Fredin et al. 1977). Males and females may
Sockeye salmon smol_ts in the Pacific Northwest spawn with several different fish. Females defend the
outmigrate primarily b~tween April and early June nest site after spawning until they tire and die. During
(AnasandGauley1956, Simenstadetal. 1982). Smolts their spawning migration, sockeye salmon undergo
are 40-130 mm in length whenthey enterestuaries and sexually dimorphic changes; both sexes develop bright
are guidedtoocean waters bysalinitygradients (Healey red bodies and green heads, while males develop a
1980, Straty and Jaenicke 1980). Residence time in humped back, hooked snout, and large teeth (Foerster
estuaries is shorter than other salmonid species (Healey 1968).
1982, Simenstad et al. 1982). Upon entering the
ocean, juvenile sockeye salmon (not including Bristol F~cundity: Fecundity depends on the size ofthe female
Bay stocks)move north, staying within thecoastal belt and the stock (Rounsefell 1957, Manzer and Miki
of the Gulf of Alaska until late-fall or early-winter when 1986). The anadromous sockeye salmon has from
they disperse offshore, movingwestandsouth(French 2,200-4,300 eggs per female with 3,500-3,600 eggs
et al. 1976, Hartt and Dell 1986). In spring and per female being average (Hart 1973, Fredin et al.
summer, they move north, but turn south and west 1977, Bell 1984).
again in winter (French et al. 1976). Migrants initially
travel 3.9-30.2 km/day (Hartt and Dell 1986) and older Growth and Development
fish normally travel 13-33 km/day. Maturing fish may Egg Size and Embryonic DeveloDment: Scott and
travel 46-56 km/day (French et al. 1976). Sockeye Crossman (1973) and McPhail and Lindsey (1970)
salmon show some diel migrations, moving to the reported sockeye salmon egg diameters of 4.5-5.0
surface at night and deeper during the day (French et mm, whereas Bell (1984) reported eggs 5.5-6.0 mm in
a1.1976). North American sockeye salmon populations diameter. Embryonic development is indirect and
have a single spawning run, occurring from May to external. Hatching can take slightly less than 50 days
December (depending on geographic location). Pacific or more than 5 months, depending on temperature
Northwest adult sockeye salmon migrate into fresh (Hart 1973, Scott and Crossman 1973).
water during June to August (peaking in early July)
(Simenstad et al. 1982, Bohn and Mclsaac 1986). Age and Size of Larvae: Size at hatching has not been
Oceanic migration is thought to be guided by a map- reported but probably 20-25 mm total length (TL). After
compass-calendar system (Quinn 1982), but the natal hatching, alevins stay in the gravel for 2-3 weeks (or up
stream is located by olfaction (Brannon 1982). to 4 months, depending on temperature) and emerge

from March to June (Hanamura 1966, Ricker 1966,
Reproduction Hart 1973, Scott and Crossman 1973, Wydoski and
Mode:The sockeye salmon is gonochoristic, oviparous, Whitney 1979). At approximately 30 mm TL, alevins
and semelparous (all adults die soon after spawning), become fry (Hanamu ra 1966, Alaska Department Fish
Eggs are fertilized externally, and Game 1985).

Matino/SDawning: Pacific Northwest stocks spawn from J~venile Size Range: Juveniles range in size from 3 cm
August to December, with an October peak (Wydoski to at least 46 cm TL.
and Whitney 1979, Bell 1984). Except for a few
instances, the sockeye salmon spawns in rivers and .Age and Size of Adults: Adults average 63.5 cm TL
streams that connectto lakes. Spawning occurs mostly (50.0-84.0 cm), weigh an average of 3.0-4.0 kg (Fredin
in riffle areas in streams, but also in some lakes down et al. 1977, Bell 1984, Kessler 1985) and are 3-8 years
to 30 m (Ricker 1966); spawning usually occurs at old (average of 4 years) at spawning (Foerster 1968).
depths <8 m (Moyle 1976). Like other salmonids, the
femalebuildsthereddbyfacingupstreamandthrashing Food and Feeding
her caudal fin against the substrate. Males may also Tr0phicMode:Larvaefeedontheiryolk. Juvenilesand
make digging movements (McCart 1969). Males and adults are carnivorous (primarily planktivorous).
females are territorial, defending the nest site against
members ofthe same sex. During spawning, the male Food Items: Spawning adults typically do not feed,
and female place themselves in the redd with vents however, some will feed when held in net pens. All
close together and extrude eggs and sperm with their free-swimming life stages are principally plankton
mouths agape and bodies quivering (Foerster 1968). feeders. Planktonic crustaceans such as cladocerans
Females will repeat the digging slightly upstream, (Daphnia spp., Bosmina spp., etc.), and copepods
burying the previous eggs in the process and creating (Epischura spp., Cyclops spp., etc.) are eaten, along
a new "pocket". A redd typically has 3-10 pockets with a variety of terrestrial and aquatic insects (Ricker
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Sockeye salmon continued

1966, Foerster 1968, Hart 1973, Scott and Crossman low.temperatures, turbidity, sedimentation, velocities,
1973, Doble and Eggers 1978). During their pollutants, etc.) which can be a result of poor forest
downstream migration, smolts may feed heavily on practices, industrialwaste, mining and refining effluents,
gammarid amphipods (Muir and Emmett 1988). In agriculturepractices,andurbandevelopment. Physical
estuaries, euphausiids, fish larvae, juvenile shrimp, disturbance of the redd (by erosion, subsequent
insects, amphipods, and mysids are eaten (Levy and spawners, ice scour) and predation can also diminish
Yesaki 1982, Simenstad et al. 1982). In the ocean, freshwaterproduction(Foerster1968,Hart1973). River
juvenile sockeyesalmonfeedoneuphausiids, hyperiid obstructions such as dams (manmade and natural,
amphipods, copepods, decapod larvae, pteropods, such as Hell’s Gate and the Fraser River rock slide of
juvenile and I~rval fishes, squid, and other invertebrates. 1913) can affect upstream and downstream migrations
The primary prey consumed depends on the location, (Foerster 1968). Columbia River sockeye salmon runst!1~. time of day, and fish’s age (Andrievskaya 1957, Allen

have diminished primarily as a result of dams and
and Aron 1958, Ito 1964, LeBrasseur 1966, Foerster irrigation diversions of spawning rivers (Mullah 1986).
1968, Pearcy et al. 1984). In lakes and in the ocean, The abundance of food relative to parr numbers in
juvenile sockeye salmon appear to feed primarily at reservoirs and lakes also affects production; when
dusk or at night (Doble and Eggers 1978, Pearcy et al. sockeye parr densities are high, food may limit their
1984). Parr may not feed during the winter in lakes growth, which in turn can reduce smolt size and marine
(Doble and Eggers 1978). Juveniles (ocean- and lake- survival (Foerster 1954,1968, Kyle et al. 1988). Nutrient
dwelling) feed near the surface, except in lakes when fertilization of lakes has been attempted to increase
surface temperatures are high (Foerster 1968). lake primary production and zooplankton standing

crop and thus juvenile sockeye salmon growth and
Biological Interactions survival (LeBrasseur et al. 1978, Hyatt and Stockner
Predation: Primary fish predators of fry and parr in 1985). Predators and competition can reduce
fresh water are coho salmon (O. kisutch), cutthroat populations in reservoirs (Foerster 1968). Ocean
trout (O. clarkl), char (Salvelinus spp.), rainbow troutconditions may also reduce production as a result of
(0. mykiss), Dolly Varden (Salvelinus malma), lake density-dependent mortality (Peterman 1980). The
trout (Salvelinus namaycush), lake whitefish Japanese high seas fishery (located west of long.
(Coregonus clupeaformis), mountain whitefish 174°W) intercepts many North American sockeye
(Prosopium williamsom~, northern squawfish . salmon (Fredin et al. 1977). This fishery took over46
(Ptychocheilus oregonensis), burbot (Lota Iota), and million North American sockeye over a 20 year period.
sculpins (Foerster 1968, Fresh 1984). Gulls, common This catch, togetherwith the accidental mortalities and
loon (Gavia immet), red-necked grebe (Podicepslost additional weight gain before North American
grisegena), common merganser ( Mergus merganser), harvest, represents a substantial loss to U.S. fishermen
beltedkingfisher(Megacerylealcyon),terns, andlarge (Ricker 1976, Fredinetal. 1977). Hatchery releases of
predatory birds [osprey (Pandion haliaetus) and bald sockeye salmon are used to maintain this species’
eagle (Haliaeetus leucocephalus)] are important avian abundance in some areas (Wahle and Smith 1979).
predators (Fresh 1984). Marine predators include
lamprey (Lampetra spp.), spiny dogfish (Squalus References
acanthias), salmon shark (Latona ditropis), other
salmonids, harbor seal (Phoca vitulina), beluga whale Alaska Department of Fish and Game. 1985. Alaska
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Oncorhynchus t-~hawytscha
Adults

10 cm

Common Name: chinook salmon Canada Pacific Salmon Interception Treaty of 1985
Scientific Name: Oncorhynchus tshawytscha reduced the ocean take of chinook salmon off British
Other Common Names: Columbia Riversalmon, king Columbia and Alaska by 25% of 1984 catch levels
salmon, black salmon, blackmouth salmon, chub (Phinney1986).
salmon, hookbill, quinnat salmon, Sacramento River
salmon, saw-keivey, spring salmon, tchaviche, tule or Recreational:This species is a prized sport fish because
tyee salmon, winter salmon (Allen et al. in press) of its size, fighting ability, availability, and excellent
Classification (Robins et al. 1980) taste. Along with coho salmon (O. kisutch),the chinook
Phylum: Chordata salmon supports a sport and charter boat fishery from
Class: Osteichthyes San Francisco, California, to Alaska. It is sport-caught
Order: Salmoniformes primarily in marine and estuarine waters, but many are
Family: Salmonidae also caught in fresh water. Over 438,000 chinook

salmon were sport caught in the United States in 1984
Value (not including California, Washington, and Oregon
Commercial:The chinook salmon isthe least-abundant freshwatercatch) (Pacific Marine Fisheries Commission
Pacific salmon, but it grows the largest and commands 1986). The value of the recreational fishery is
the highest price. In 1985, over 12,200 t worth $43 undeterminedlbutthevalueperkgismuchhigherthan
million were landed on the Pacific coast (National for commercial fish (Beauchamp et al. 1983). This
Marine Fisheries Service 1986). From 1875 to the species is fished almost year-round in Puget Sound,
1920s, the Columbia River had the largest chinook but primarily fished from summerto fall in other areas.
salmon run in the world, with annual landings averaging
9,100-18,100 t (Van Hyning 1973). In North America, Indicator of Environmental Stress: Copper adversely
the chinook salmon is commercially fished from affects proper smoltification (Beckman and Zaugg
Kotzebue Sound, Alaska, to Santa Barbara, California. 1988), and smolts in sea water are more sensitive to oil
It is also commercialy fished along the Kamchatka than wheninfreshwater. Reduced riverflows, increased
Peninsula, U.S.S.R., to northern Japan. In California, water temperatures, and many other man-induced
only ocean trolling is allowed (Frey 1971 ). In Oregon alterations to the environment can affect this species
and Washington, it is captured by gill net, ocean (see "Factors Affecting Populations").
trolling, purse seine, and reef net. It is the most
abundant salmon in California (McGinnis 1984). E~01ogical: Juveniles are important due to their
Chinook are often captured far from their place of abundance in many Pacific coast rivers and streams
origin, with large numbers ofchinooksalmonoriginating and are one of the most abundant neritic fish in Puget
from the Columbia River caught off British Columbia, Sound (Simenstad et al. 1979). Adults and juveniles
Canada, and Alaska (Wright 1968). In Puget Sound, are common in neritic waters off Oregon and
Washington, halfofthechinooksalmonareharvested Washington (Fisher et al. 1983, Fisher and Pearcy
by Native Americans (Clark 1985). The United States/ 1985).
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Chinook salmon continued

"Fable 1. Relative abundance of five races of chinook salmon in 32 U.S. Pacific coast estuaries.

Winter Spring Summer Fall Late-fall
Ufe Stage Life Stage Life Stage Life Stage Ufe Stage

E~_~.S.~_~___ A S J L E A S J L E A S J L E A S J L E A S J L E

~    Rare
W{lfapa Bay Blank Not present

Columbia River (~    ¯ O    ¯ (~    ¯
Nehalem Bay

"i’illamook Bay O ¯ (~ ¯ Life stage:
.:...:. :J:.:J:.:..,....~.~.+.+~.~.+.+..+.....:.:.:i:i:;:i:i: 2:i:i:i:i: i:i:i:i:i: ~:~:i:;:i: !:i:i:i:i:A - Adults

...... -...... :i:i:~:~: :~:!:!:!:! .... J - Juveniles
:::::::::: :::::::::: :::::::::: ....... . ............ :i:i:i:;:i :i:i:i:i:i :i:i:i:!:! ::::::::::::::::::::: L - Larvae

Siuslaw River
Umpqua River (~ ¯ (~} ¯

Coos Bay O ¯ (~ ¯
Rogue River (~] ¯ (~ ¯

0 ¯ 0 ¯ ~} ¯ 0 ¯ * Inc{udes Central San
Francisco, Sulsun,South San Fran. Bay ~ "V (~} %/ (~ %/ ~] and San Pablo b,~ys.

Morro Bay

:!:!:::
Newport Bay
Mission Bay

Tijuana Estuary

ASJ LE     AS J    LE AS J    LE ASJ    LE AS J    L E

Range
Overall: This species is recorded as far north as the infaunal. Young juveniles (fry and parr) are

1
Coppermine River in Arctic Canada, and south to benthopelagic. Parr become pelagic and acquire a
northeastern Hokkaido, Japan, and southern California silver color when they transform into smolts (juveniles

1

(Ventura River) (Hart 1973, Scott and Crossman 1973). that migrateto the .ocean). Smolts, ocean-dwelling and
It is rarelyfoundin freshwatersouthoftheSacramento- maturing juveniles (subadults), and adults are pelagic
San Joaquin river system of California (Eschmeyer et (Alaska Departmentof Fish and Game 1985). Subadults
al. 1983). This species has been successfully introduced and adults in rivers and streams are bottom-oriented.
to New Zealand and the Great Lakes (Scott and

l! Crossman 1973). Habitat
T_.Vp_9.: The chinook salmon is an anadromous species.

Within Study Are~: The chinook salmon is found in all Eggs, alevins, fry, and parroccur in riverine areas from

II estuaries north of San Francisco Bay, except Tomales " just above the intertidal zone to altitudes of 2,268 m
Bay, California (Table 1) (Monaco et al. 1990). above sea level (Allen et al. in press). Smolts are

riverine and estuarine. Ocean-dwelling juveniles are
Life Mode neritic and epipelagic, and found within 128 m of the

II Eggs and alevins (yolk-sac larvae) are benthic and surface (Fredin et al. 1977). Adults maybe neritic and
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Chinook salmon continued

estuarine, but are primarily riverine and may travel Phinney1986). Withintheseracesaredifferent"stock.,
upstream over 4,700 km from the ocean, which separate as they reach their natal strearr

(Phinney 1986). In California, spring, fall, and wint~
Substrate: Eggs and alevins occur in spawning gravel (December to February) runs exist, while the summc
or cobble that is 1.3-10.2 cm in diameter (Reiser and run is now extinct (Frey 1971, Moyle 1976). Fry ar
Bjornn1979). Juveniles in fresh water are found over smolts stay in fresh water from 1 to 18 montt
various substrates, ranging from silt bottoms to large (Beauchamp et al. 1983). Three types of juveni
boulders (Chapman and Bjornn 1968). Juveniles in migrants have been defined according to their use,
estuaries occur over mud, sand, gravel, and eelgrass rivers and estuaries. The first type, "subyeadir
(Zosteraspp.) (Healey 1980a). Adults in marinewaters estuarine smolts", moves into estuaries early aft~
show no sediment preference, but may be associated hatching and rears there until late-spring or summ~
with gravel-cobble bottoms in rivers and streams (Alaska when it moves to the ocean (Healey 1980a, 1982, Le~
Department of Fish and Game 1985). and Northcote 1982, Levy 1984). The second typ,

"subyearling riverine smolts", rears for less than or
.Physical/Chemical characteristics: Eggs only develop year in the river before smolting and migrating to tl-
in fresh water, but larvae can tolerate 15%o at hatching estuary and spends only a little time in the estua~
(Wagner et al. 1969). Three months after hatching they (Reimers 1973, Healey 1982). The third type, ’~jearlir
can tolerate full seawater, with fastergrowing individuals riverine smolts", rears for a year in the river, smolts, ar
better able to handle salinity changes (Wagner et al. migrates the spring after hatching (Healey 1982
1969). Juveniles and adults occur in fresh water to Reimers (1973) also found two other life history type
euhaline waters. Subadults (i.e., those that have emergent fry that move directly downstream and in~
migrated to the marine environment), are found in the ocean, and juveniles that stay in streams or rive.
polyhaline to euhaline waters. Successful egg until fall, when they migrate directly to the ocea;
incubation occurs from just above freezing to 20.0°C Juvenile migration into estuaries has been reported !
(Olsen and Foster 1955), however, best incubation occur at night (Seller et al. 1981) and during daylig!
temperatures are 5.0-14.4°C (Bell 1984). The upper (Dawley et al. 1986). Juvenile chinook salmon m~
lethal temperature for the chinook salmon is 25.1 °C move quicklythrough estuaries (Dawley et al. 1986) ~
(Brett 1952), but may be lower depending on other residethereforupto 189days (Simenstadetal. 1982
water quality factors (Ebel et al. 1971).. Eggs and Peak estuarine outmigration usually occurs in sprir
alevins are found in areas with flows of 20-150 cm/sec and summer, depending on life history (Healey 198:
and juveniles where flows are 0.5-60.0 cm/sec (at pool Kjelson et al. 1982, Simenstad et al. 1982, Myers ar
edges). Adults can migrate upstream in flows up to Horton 1982, Dawley et al. 1986, McCabe et al. 198!~
2.44 m/sec (Thompson 1972). Successful egg Chinook salmon spend from 1-8 years (usually3-4)
developmentrequiresreddstohaveadequatedissolved the ocean before they return to their natal strea
oxygen (>5.0 mg/I), water temperatures (4-14°C),- (Wydoski and Whitney1979). SomemaystayinPug
substrate permeability, sediment composition (<25% Sound until maturity (Simenstad et al. 1982). Up(
fines,<6.4mmindiameter),surfaceflowsandvelocities, entering the ocean, most stocks appear to migra
and low biochemical oxygen demand (Reiser and north (Wright 1968) and many move into the Gulf
Bjornn 1979). Freshwater juveniles avoid waters with Alaska (Hartt and Dell 1986). Chinook salmon produc~
<4.5 mg/I dissolved oxygen at 20°C (Whitmore et al. in streams from the Rogue River (Oregon) and sou
1960). Migrating adults will pass through water with appear to rear in the ocean off northern Californi
dissolved oxygen levels as low as 3.5-4.0 mg/I (Fujioka southern Oregon, while chinook salmon produced
1970, Alabaster 1988, 1989). Excessive silt loads streams from the Elk River (Oregon) and north re
(>4,000 mg/I)may halt chinooksalmon movements or primarily off British Columbia and Alaska (Cram
migrations (Reiser and Bjornn 1979). Silt can also 1987). During its migrations, the chinook salm(
hinder fry emergence, and limit benthic invertebrate appears to use electromagnetic, olfactory, and visu
(food) production (Reiser and Bjornn 1979). Low pH cues for guidance (Hasler and Scholz 1983, Quit

decreases egg and alevin survival (Rombough 1983). 1984). Straying to spawning streams other than i
natal stream is very limited (Quinn and Fresh 1984.

Migrations and Movements: Races of chinook salmon
have been defined by when the adults migrate from the Reproduction
ocean to fresh water (Mason 1965). In the Columbia Mode: This species is gonochoristic, oviparous, a~
River, spring chinook salmon enter from January semelparous. All adults die after spawning exce
through May, summer chinook salmon from June some "jacks" (i.e., precocious males that mature eal
through mid-August, and fall chinook salmon during in fresh water) (Miller and Brannon 1982). Eggs ~
August to November (Galbreath 1966, Netboy 1980, fertilized externally.
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Chinook salmon continued

~ting/S.~awning: The spawning period is specific for 1976,. Eschmeyer et al. 1983). Northern populations
each run and/or stock, but can occur from April to mature later, and spend more time in fresh water and
February. For example, the Columbia River spring run at sea (Scott and Crossman 1973). The largest chinook
spawns from July to late September, the summer run salmon recorded was 147 cm in length and weighed 57
from August to mid-November, and the fall run from kg (Scott and Crossman 1973), but most are under
September to January (Fulton 1968, Netboy 1980, Bell 22.7 kg (Squire and Smith 1977).
1984). In the Sacramento River, thewinter run spawns
duringApriltoJulyandotherrunsfromJulyto December Food and Feeding
(Moyle 1976). Chinook salmon normally spawn in Tro.~hic Mode: Larvae feed on their yolk. Juveniles,
larger rivers and tributaries, and in deeper water (10 m) and adults are carnivorous, "opportunistic" feeders.
and larger gravel than other Pacific salmon (Scott and
Crossman 1973). Females make the redd by lying Food Items: Juveniles in fresh water eat primarily
sideways to the bottom and thrashing their tails. The terrestrial and aquatic insects, cladocerans, amphipods
redd can be 1.2-10.7 m in diameter (Chapman 1943). and other crustaceans, and sometimes fish (Becker
During spawning, a female will be attended by one 1973, Higley and Bond 1973, Scott and Crossman
dominant male and occasionally other subdominant 1973, Craddock et al. 1976, Muir and Emmett 1988,
males. Eggs and sperm are extruded simultaneously, Sagarand Glova 1988). In estuaries,juveniles consume
after which the female will bury the eggs and move gammarid amphipods, insects, harpacticoidcopepods,
upstream and repeat the process until spent, mysids, decapod larvae and fish (Levy and Levings

1978, Levy et al. 1979, Healey 1980a, 1982, Kjelson et
J=ecundity:From2,000-14,000eggsarelaidperfemalel al. 1982, Simenstad et al. 1982, Simenstad 1983,
with 5,000 eggs per female being average (Rounsefell McCabe et al. 1986). In the neritic zone, small chinook
1957, Moyle 1976, Bell 1984). Fecundity depends on salmon (those having recently migrated) feed on small
female size, stream latitude, and subpopulation (Alaska (larval and juvenile) fishes, decapod larvae, amphipods,
Department of Fish and Game 1985). euphausiids, terrestrial insects, and other invertebrates

(Healey 1980b, Peterson et al. 1983, Emmett et al.
Growth and Development                       1986). Larger chinook salmon (captured by sport and
EggSizeandEmbwonicDevelo_~ment:Chinooksalmon commercial fishing) feed primarily on fishes [e.g.,
eggs are spherical, nonadhesive, and the largest of all northern anchovy (Engraulis mordax), scorpaenids,
the salmonids (6.0-8.5 mm in diameter) (Rounsefell Pacificherring(Clupeapallas~),andPacificsandlance
1957, Scott and Crossman 1973, Wang 1986). (Ammodytes hexapterus)], euphausiids, decapod
Embryonic development is indirect and external. The larvae, squid, and other invertebrates (Silliman 1941,
duration of incubation ranges from 33 to 178 days, Merke11957,Prakash1962,1to1964,Hart1973,Fresh
depending on levels of dissolved oxygen, water etal. 1981). Adults do not actively feed in fresh water.
temperature, biochemical oxygen demand, substrate,
channel gradient and configuration, water depth, water Biological Interactions
velocity and discharge (Reiserand Bjornn 1979, Alaska Predation: In fresh water, juveniles are eaten by many
Department of Fish and Game1985). Timeofhatching fishes [e.g., northern squawfish (Ptychochei/us
isdependentonthespawningperiod, withfall-spawned oregonensis), channe! catfish (Ictalurus punctatus),
eggs usually hatching in l~larch and April (Columbia cohosalmon, DollyVarden(Salvelinusmalma), rainbow
River) and eggs from winter-run fish hatching from May trout(O.mykiss),cutthroattrout(O.clark~),smallmouth
to August (Sacramento River) (Moyle 1976). bass (Micropterus dolomieul), walleye (Stizostedian

vitreum), and sculpins] and birds [e.g., mergansers,
AQe and Size of Larvae: Larval sizes range from 20-35 terns, osprey (Pandion haliaetus), and belted kingfisher
mm total length (Wang 1986). Alevins remain in the (Megacerylealcyon)](Buchananetal. 1981, Grayetal.
gravel until the yolk sac is absorbed (usually 2-3 1982, Beauchamp et al. 1983, Maule and Horton
weeks) (Scott and Crossman 1973, Wydoski and 1984). Intheoceanandestuaries, chinooksalmonare
Whitney 1979). prey for pelagic fishes, Pacific lamprey (Lampetra

tridentata), birds [e.g., common.murre (Uria aalge),
Juvenile Size Range: Juveniles are 2-152 cm (usually and sheanNaters ( Puffinusspp.)], and marine mammals
lessthan 91cm) in length, and from a fewgramsto 61.4 [e.g., harbor seal ( Phoca vitulina), sea lions, andkiller
kg (usually less than 11.3 kg) (Wydoski and Whitney whale (Orcinus orca)] (Simenstad et al. 1979, Fiscus
1979, Allen et al. in press). 1980, Beach et al. 1981, Alaska Department of Fish

and Game 1985). Adults in fresh water are eaten by
,~ge and Size of Adult~: Maturity is reached between I bald eagle (Haliaeetus leucocephalus), bears, and
and 9 years, with most maturing in 3-6 years (Moyle other mammals (Scott and Crossman 1973).
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Chinook salmon continued

Factors Influencing Populations: High mortality occurs Allen, M. J., R. J. Wolotira, Jr., T. M. Sample, S. F. Noel,
during the early freshwater life stages (eggs, fry, parr), and C. R. Iten. (in press). Salmonids: life history
This mortality is caused~by redd destruction, siltation descriptions and brief harvest summaries for salmonid
and destruction of spawning grounds, extremely high species of the northeast Pacific Ocean and eastern
or Iowwatertemperatures, Iowdissolved oxygen, loss Bering Sea. Tech. Memo., NOAA, NMFS, Northwest
of cover, disease, and predation (Reiser and Bjornn Alaska Fish. Cent., Seattle, WA.
1979). Besides the above factors, man-made changes
such as river flow reductions, the creation of dams and Ames, J. 1983. Salmon stock interactions in Puget
reservoirs, pollution, and logging practices, have Sound: a preliminary look. In M. A. Miller (editor),
affected population abundances (Raymond 1979, Southeast Alaska coho salmon research and
Netboy 1980, Stevens and Miller 1983). Estuaries management review and planning workshop, May 18-
appear to play a vital role in chinook salmon life history 19, 1982, p. 84-95. Alaska Dept. Fish Game, Juneau,
(MacDonaid et al. 1988). In the ocean, this species is AK, 109 p.
affected by disease, predation, food availability, and
oceanographicconditions. Overfishing has not allowed Beach, R. J., A. C. Geiger, S. J. Jeffries, and S. D.
optimal spawning escapement and has reduced the Tracy. 1981. Marine mammal- fishery interactions on
age and size structure of some populations (Fraidenburg the Columbia River and adjacent waters, 1981. Second
and Lincoln 1985). Also, the high-seas gill net fishery Annual Rep. to NOAA, NMFS, Northwest and Alaska
for squid is taking an unk.nown number of chinook Fish. Cent., Seattle, WA. Wash. Dept. Game, Olympia,
salmon. The release of millions of juvenile chinook WA, 186 p.
salmon by public and private hatcheries has helped
maintain some runs (Phinney 1986), and the United Beauchamp, D. A., M. F. Shepard, and G. B. Pauley.
States-Canada Salmon Interception Treatyshould allow 1983. Species profiles: life histories and environmental
more escapement in the future. The survival of hatchery requirements of coastal fishes and invertebrates (Pacific
smolts to maturity is influenced by time of release, size Northwest) -- chinook salmon. U.S. Fish Wildl. Sew.,
of release, health of fish, degree of smoltification at Div. Biol. Sew., FWS/0BS-82/11.6. U.S. Army Corps
release, release location, and ocean conditions Eng., TR EL-82-4, 15 p.
(Vreeland 1988). In rivers and streams, juveniles are
not as aggressive as coho salmon and steelhead Becker, C. D. 1973. Food and growth parameters of
juveniles (Wydoski and Whitney 1979). However, juvenile chinook salmon, Oncorhynchus tshawytscha,
adults typically spawn in deeper water and use larger in central Columbia River. Fish. Bull., U.S. 71:387-400.
gravel than other salmonids (Scott and Crossman
1973). The chinook salmon may compete with other Beckman, B. J., and W. S. Zaugg. 1988. Copper
salmonid species in the marine environment (Ames intoxication in chinook salmon (Oncorhynchus
1983) and it is known to feed on the same food as coho tshawytscha) induced by natural spring water: effects
salmon (Emmett et al. 1986). In estuaries, juveniles on gill Na+ -K+ ATPase, hematocrit, and plasma
are associated with many other fish species that often glucose. Can. J. Fish. Aquat. Sci. 45:1430-1435.
feed on similar prey items (McCabe et al. 1983).

Bell, M.C. 1984. Fisheries handbook of engineering
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Hypomesus pretiosus
Adult

5 cm

Common Name: surf smelt Range
Scientific Name: Hypomesuspretiosus Overall: The surf smelt’s overall range is from Long
Other Common Names: Pacific surf smelt, silver Beach, California, to southeast Alaska (Frey 1971).
smelt
Classification (Robins et al. 1980) Within $tud_v Area: This species is occasionally found
Phylum: Chordata in California estuaries (Moyle 1976), but is seasonally
Class: Osteichthyes common to abundant in Oregon and Washington
Order: Salmoniformes estuaries (Table 1) (Monaco et al. 1990).
Family: Osmeridae

Life Mode:
Value Eggs are benthic. Larvae, juveniles, and adults are
Commercial: The surf smelt is commercially fished in pelagic but remain principally inshore. Except in Puget
California and Washington. More than 4 million were Sound and adjacent areas, this is a nearshore coastal
taken in California in 1958 (Frey 1971). An average of species which does nottypically spawn in estuaries but
51 t are taken annually in Washington, most of which utilizes them for feeding and rearing. Itdoes not appear
are caught in Puget Sound (Trumble 1983). to form large pelagic schools like the northern anchovy

(Engraulis mordax). However, schools of surf smelt
Recreational: This species is considered an excellent are often common in Northwest estuaries.
food fish and is captured by recreational fishermen in
Washington, Oregon, and California. It is taken by Habitat
jump net (in California), jig, and dip net. The numbers T.T.y_I~: Eggs are laid intertidally on beaches. Larvae,
taken by recreational anglers areunknown, butthought juveniles, and adults live in neritic waters.
to be substantial,

Substrate: Spawning adults select substrates of coarse
Indicator of Environmental Stress: The surf smelt sandwithfinegravel(Trumble1983). Larvae,juveniles,
spawns at specific beach sites where appropriate and adults can be found over a variety of substrates.
physical conditions for spawning exist. Hence, loss or
alteration of these spawning sites can be very Physical/Chemical Characteristics: All life stages are
detrimental to populations of this species, found in estuarine and marine waters. Beaches used

for spawning typically have some freshwater seepage
Ecological: This species is important prey for many and are usually shaded by trees or bluffs (Schaefer
fishes, birds, and mammals. Puget Sound stocks are 1936). Watertemperature and salinityofthe spawning
genetically different from coastal stocks (Kilambi 1965, areas do not appear to affect spawning activity, but tide
Kilambi et al. 1965). stage and time of day do. Survival of embryos does not

, appear to be significantly different at salinities of 20, 25,
or 30%° (Middaugh et al. 1987).
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Surf smelt con tin ued

M ating/SDawning: Spawningpopulations can be found
Table 1. Relative abundance of surf smelt in nearly year-round along the Pacific coast. However,

32 U.S. Pacific coast estuaries, they spawn at specific beaches at specific times of the
Life Stage year (Penttila 1978). Spawning occurs primarily at high

~__ A s J L E tide and early ebb, from late afternoon to evening
Puget Sound .:~: i~: !~::"i:.~i Relative abundance: (Schaefer 1936, Thompson et al. 1936, Yap-Chiongco

Hood Canal ii.~ !~ !~i’!~i ¯ Highly abundant 1941 ). Before a spawning "run", schools appear in the
Skag~t Bay !!~ .........i ~i ~~i !i~i ~ Abundant water 0.9-1.2 m from the edge of the beach. During

Grays Hair ii~: :::~!i:ii~i~ii~:. i~iiiiiiilO Common spawning, a female (usually accompanied by 2 to 5
......... ~ .... "q Rare

-- WillapaBay i O O O Blank Not present males) moves to the highest point reached by a wave.
Columbia River ,O (~ O AS they reach the shore, the fishes release their

Nehalem Bay ¯ O ~ gametes. This process occurs in 2.5-5.0 cm of water
¯ TillamookBay I¯ ¯ O IJfestage: and takes about 5 to 10 seconds (Loosanoff 1937);

Netarts Bay i~:i i~i;:.!iii i~’: i~i i!::i:.i:~!:iA-Adults Eggs are usually concentrated a~ the 2.1-3.4 m tidal
,̄ ..... S-Spawning adults levels (upper intertidal zone) (Penttila 1978, Middaugh

YaquinaBay ~ !ili:.iiiiii~":i~iii!iiii:ilL-Larvae et al. 1987). Eggs are adhesive and stick to sand
Alsea River i~ :,;iiiii!ii, ii~i,i~i,liiii:.iill

E- Eggs grains and wave action covers them with a thin layer of
S~us~wR~ver ¯ ¯ O sand. Adultsusuallyeatverylittleduringspawning,but
UmpquaRiver ¯1 ¯ 0 do not die after spawning (Loosanoff 1937).

CoosBay (~1 ¯ O
RogueRiver "~ (~ O Fecundity: Females release eggs in batches and

Klamath River ii~iil iiil;i.ill i~:. ;:::i::=~iiii:,i!:iiiii; spawning can last for several days. Females usually
Humboldt Bay ~! ;i:.i!ii:.~i :.~i ::~:.,::iiiii.i:~i produce 15,000-20,000 eggs, but can produce from

Eel River i~! iiiiiiii!; !~’: !~i iiii!ilI 1,300-37,000 eggs (depending on body size) (Leong

Cent. San Fran. Bay * ~t ~/ * Includes Central San

South San Fran. Bay ~/ "~/
Franclsco, Suisun,a~ s=~ p~Uo ~a~. Growth and Development

Elkhorn Slough ~
Egg Size and Embryonic Development: Fertilized eggs

MorroBay are spherical and about 1.0-1.2 mm in diameter
Santa Monica Bay ii!’i.i! iiiiiii::ii":iiiiii;i’iiii::i!:i i!i.i:i::!:.ii (Schaefer 1936). Eggs adhere to gravel substrates bysan Pedro Bay ;ii!.i:i! :iiiiiii::i ii::iii ~ii;:,iiii! the adhesive zona radiata membrane which rupturesA~ar,~tos BaY

.......:. :!i~’!ii;ii:..:;.;:: i!i~!i:i !i;;i~;i iiii~:!i::iiand turns inside out at the time the eggs are fertilized.
Anaheim Bay i; ;:; :;.;:i:i ’:i!;i;: ii::.iiiill !iiiiii!ii Embryonic development is indirect and external
Newport Bay

(Garrison and Miller 1982). Afterseveraldays embryosMission Bay
detach from the spawning substrates and are washed

San OiegoBay
seaward and down into the gravel.substrate in the

Tijuana Estua~ °~ intertidal zone (Middaugh et al. 1987). Hatching occurs
AS J L E from 8.5 to 30 days after incubation (depending on

temperature) and may be initiated by mechanical or
MigrationsandMovements:Migrationsandmovements chemical stimuli. Eggs are stimulated to hatch by
have not been studied. Although specific spawning immersion in water (high tide) (Loosanof{ 1937). At
sites are used, there is no information regarding whether extremely low temperatures (e.g., during winter) the
fish return to their natal spawning sites. The seasonal incubation period may be 90 days or more (Middaugh
utilization of estuaries by juveniles and adults probably et el. 1987).
relates to food abundance and refuge from predators.
At the beginning of a spawning ru n, schools are usually Age and Size of Larvae: Larvae are 5.0-6.5 mm long at
composed of individuals of the same sex; female hatching. Postlarvaeare 17-35 mm in total length (TL)
schools usually, arrive before male schools (Loosanoff (Yap-chiongco 1941 ).
1937). Later, as more schools arrive, the unisexual
character of the schools is lost. Juvenile Size Range: Juveniles range from 35 mmto at

least 85 mm TL. Scales first appear when fish are 55-
Reproduction 68 mm TL.
JY~2.d.e,: The surf smelt is gonochoristic, oviparous, and
iteroparous. It has external egg fertilization and probably Age and Size of Adults: Adults range from 81-178 mm
spawns annually after reaching maturity. TL. Most mature in their second year but some are

gravid in their first. Individuals older than three years
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Surf smelt continued

are rare, but they may reach 5 years old. Females are methods. J. Mar. Biol. Assoc. India 7(2):364-368.
typically larger than similarly-aged males (Yapchiongco
1949). Bothsexeshave-~symmetricalgonads,withthe Leong, Choon-Chiang. 1967. Fecundity of surf smelt,
left gonad being much more developed (Yap-chiongco Hypomesus pretiosus (Girard) in the state of
1941 ). Males have pearl organs (small protuberances Washington. M.S. Thesis, Univ. Wash., Seattle, WA,
on their snouts) during the breeding season while 99 p.
females do not (Yapchiongco 1949). Males are dull
olive green on their back while females are bright Loosanoff, V. L. 1937. The spawning run of the Pacific
metallic green (Yap-chiongco 1941). surf smelt, Hypomesus pretiosus (Girard). Internat.

Rev. Hydrobiol. Hydrogr. 36(1-2):170-183.
Food and Feeding
Trophic Mode: Larvae, juveniles, and adults are Middaugh, D. P., M. J. Hemmer, and D. E. Penttila.
planktivorouscarnivores (typicallyzooplanktivorous). 1987. Embryo ecology of the Pacific surf smelt,

Hypomesus pretiosus (Pisces: Osmeridae). Pac. $ci.
Food Items: The surf smelt feeds primarily on planktonic 41 (1-4):44-53.
crustaceans, including amphipods, euphausiids,
copepods, cladocerans, crustacean larvae, and some Monaco, M. E., R. L. Emmett, S. A. Hinton, and D. M o
larval fish (Hart 1973). Nelson. 1990. Distribution and abundance of fishes

and invertebrates in west coast estuaries, Volume I
Biologicallnteractions data summaries. ELMR Rep. No. 4. Strategic
Predation: This species is eaten by many fishes, Assessment Branch, NOS/NOAA, Rockville, MD,
including Pacific salmon (Oncorhynchusspp.), lingcod 240 p.
(Ophiodon elongatus), and striped bass (Morone
saxatilis) (Frey 1971). It is also commonly eaten by Moyle, P. B. 1976. Inland fishes of California. Univ
birds and marine mammals. Calif. Press, Berkeley, CA, 405 p.

Factors I nfluencina PoDulations: Egg and larval mortality Penttila, D. 1978. Studies of surf smelt (Hypomesu,
can result from thermal stress, and desiccation, pretiosus) in Puget Sound. Tech. Rep. 42, Wash
Predation can be high (Penttila 1978, Garrison and Dept. Fish., Olympia, WA, 47 p.
Miller 1982) and probably plays a large role in
determining population size. The specific beaches Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooke~
used for spawning can be ruined by pollution, E.A. Lachner, R.N. Lea, andW. B.Scott. 1980. Ali~
bulkheading, and other habitat alterations, of common and scientific names of fishes from th

United States and Canada. Am. Fish. Soc. Spec. Pub
References No. 12, Am. Fish. Soc., Bethesda, MD, 174 p.
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and their utilization. Calif. Dept. Fish Game, the surf smelt Hypomesus pretiosus in Puget Soun~
Sacramento, CA, 148 p. ’ Wash. Dept. Fish., Biol. Rep. 35B:1-45.

Garrison, K. J., and B. S. Miller. 1982. Review of the Thompson, W. F., F. H. Bell, L. P. Schultz, H.,
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Spirinchus thaleichthys
=Adult

2 cm

Common Name: Iongfin smelt Within Study Area: It is found in most Pacific coast
Scientific Name: Spirinchus thaleichthys estuaries from San Francisco Bay (Moyle 1976) north
Other Common Names: Pacific smelt, long-finned to Puget Sound, Washington (Garrison and Miller
smelt, Sacramento smelt 1980) (Table 1).
Classification (Robins et al. 1980)
Phylum: Chordata Life Mode
Class: Osteichthyes Eggs are benthic and adhesive. Larvae and juveniles
Order: Salmoniformes are primarily pelagic, while adults are both pelagic and
Family: Osmeridae demersal.

Value Habitat
Commercial: The Iongfin smelt isoccasionally captured T_y.p_~.: Eggs are benthic and riverine or upper estuarine.
incidentally with other smelt species, and marketed Larvae are pelagic and occur in riverine-marine waters,
with these species as "smelt" (Skinner 1962). The but are most often found in estuarine environments.
Iongfinsmeitisseasonallysoldat markets in California’s Juveniles are primarily pelagic and estuarine. Adults
San Francisco Bay area (W.ang 1986). are pelagic but are often found near the bottom in

estuarine and marine waters.
Recreational: Presently, only avery limited recreational
fishery exists. Substrate: Type of spawning substrate has not been

positively identified, but is thought to be sandy-gravel
Indicatorof Environmental Stress: Information regarding areas with sand or aquatic plants (Wang 1986). Nektonic
population sizes andfluctuations are limited. However, life stages occur over a variety of substrates.
since all life stages use estuaries, ahy estuarine
alterations potentially affect this species. Freshwater physical/Chemical Characteristics: The Iongfin smelt
flow into estuaries is important forthis species (Stevens is an anadromous, euryhaline species. However, the
and Miller 1983, California Department of Fish and existence of landlocked freshwater populations
Game 1987). indicates that this species does not need marine/

estuarine waters to complete its life cycle. Most early
Ecological: The Iongfin smelt is abundant in many life history information pertains to landlocked
Pacific coast estuaries and is consumed by numerous populations; very little data are available for estuarine/
marine and estuarine vertebrates, marine populations (Garrison and Miller 1980).

Range Migrations and Movements: Juveniles and adults
Overall: This species’ overall range is from Monterey appear to move to lower estuarine/marine areas in
Bay, California, to Prince William Sound, Alaska spring and summer, and to upper estuarine areas in
(Eschmeyer et al. 1983). fall. In winter, adults move to freshwater spawning
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Fecundity: A female can produce an average of 18,000-
Table 1. Relative abundance of Iongfin smelt 24,000 eggs (Hart 1973 Moyle 1976), although fish

in 32 U.S. Pacific coast estuaries, from landlocked populations may produce much fewer

Life Stage (Wydoski and Whitney 1979).
Estuary    A S J L E

Puget Sound (~) 0 I’O~i:i:’; Relative abundance: Growth and Development
Hood Cana~~ 6 ....... O O"::: ~ H,g,,,abundant Egg Size and Embryonic Development: Fertilized eggs

A~,ndant are spherical, 1.2 mm in diameter, and adhesive
GraysHarbo, O:~)~] e!’O: O Common (Dryfoos 1965). Eggs incubated at 7°C hatch in 40

~/ Rare           days (Dryfoos 1965). Embryonicdevelopment is indirect
Willapa Bay (~ l~ ’~) I~!’~ Blank Not present

Columbia River (~ ~ I I’ ~                         and external.

Nehalem Bay

Tillamook Bay q I Life stage: AqeandSizeofLarvae:Athatching, larvae are reported
Neta~ ~ay ~’~:~ii :~’.A-Adults to be 5.3-9.8 mm long (Dryfoos 1965, Moulton 1970,
^. _ :~’ :":. S - Spawn ng adu tsSiletzaiver : =i;~ J-Juven~es Wang 1986). Metamorphosis to juvenile probably

Yaquina Bay ~) i~ ..~).~! .~i L-Larvae begins in 30-60 days, depending on temperature.
~ ~. :i:/:!: :::~.I::i:::;:!.!~:::::E- EgO,

s=us~w River ,/ ’/ i i . Juvenile Size Ranae: Juveniles range from 22 mm to
Umpqua River "q ~/    ! -approximately 88 mm long (Moulton 1970, 1974).

Coos Bay O O O1(~!O
Rogue River

~ 0 ’~ ::01 ::i :: ,~ge and Size of Adults: Spawning occurs at age 2, with
adults being 8.8-15.2 cm in total length, but averaging

~ ~i~il.~l’Ql~I 10.0 cm. (Moulton 1974). Size, age, and possibly
Eel River water temperature influence age at maturation (Moulton

Cent. San Fran. Bay * I~ (~] ~ ~ (~ tncludes Central San
--    [ I I I Francisco, Suisun,South San Fran. Bay ~)1

tOIOI
and San Pablo bays. Food and Feeding

Tro~hic Mode: Larvae, juveniles, and adults are

Santa Monica Bay .. :~ .~,.:~.. carnivorousplanktivores.

~ / ~ :i.i:":
Food Items: Larvae probably consume zooplankton

~ ~l 1 I::":l~=i:::
and some phytoplankton. Juveniles and adults eat

~ I / tt
calanoid copepods, cladocerans, amphipods, and other

MissionBay / small crustaceans (Moyle 1976). Adults also prey

~ I [ I I
heavi=y on the mysid NeomysZs mercedZs.

" T~jua,a ~stuary ( / { I Biological Interactions~
A S J L E

Predation: Larvae, juveniles, and adults are eaten by
predatory fishes, birds, and marine mammals. The

areas (Ganssle 1966). Adults show diel vertical Iongfin smelt is an important year-round prey for harbor
movements, being found deep during the day and in seals (Phoca vitulina) in the Columbia River estuary
the upperwatercolumn at night (Wydoski and Whitney (Jeffries 1984). It is probably an important prey for
1979). piscivorous birds such as gulls and terns.

Reproduction Factors Influencine Populations: Larval and juvenile
M_M_o..~Le: The Iongfin smelt is gonochoristic, oviparous, survival appears t~ be the major determinant of adult
and iteroparous. It has external egg fertilization and population size. In San Francisco Bay, juvenilesurvival
spawns in batches, appears to correlate directly with freshwater inflow

(California Department of Fish and Game 1987). Pulses
~:Spawning occurs in freshwater areas of freshwater inflow can alter the estuarine distribution
at night during winter (October-March), when river and abundanceofthisspecies. In San Francisco Bay,
temperatures are 4.4-7.2°C (Wydoski and Whitney there is a positive association between spring river flow
1979), 5.6-6.7°C (Moulton 1974), and 7.0-14.5°C (Wang and Iongfin smelt abundance (Stevens and Miller 1983,
1986). During spawning, eggs and sperm are released Armor and Herrgesel11985, California Department of
near the substrate. Once fertilized, the eggs become Fish and Game 1987).
adhesive. Almost all adults die after spawning. -175
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Longfin smelt continued
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Thaleichthys pacificus
Adult

Common Name: eulachon Ecological: The eulachon is the largest smelt along the
Scientific Name: Thaleichthys pacificus Pacific coast of North America and a prey species for
Other Common Names: candlefish, oilfish, small fish, many marine vertebrates.
salvation fish, fathom fish (Scott and Crossman 1973)
Classification (Robins et al. 1980) Range
Phylum: Chordata Overall: This species is found from the Klamath River,
Class: Osteichthyes California, alongthe Pacific coast tothe eastern Bering
Order:Salmoniformes Sea in Bristol Bay, Alaska, and the Pribilof Islands
Family: Osmeridae (Scott and Crossman 1973). A few have been found

down to Bodega Head, California (Odemar 1964).
Value -
Commerci~ll: Major commercial runs occur in the ~Yithin St~Jdy Area: Major runs occur in the Columbia
Columbia River and its tributaries, and the Klamath andKlamathRivers(Tablel),whilemanyothercoastal
River, California (Moyle 1976). This species is captured rivers support small runs (Monaco et al. 1990).
by gill net, trawl, and dip net. The 1968-69 lower
Columbia River fishery (454 t) was estimated to be Life Mode
worth more than $280,000 (Snyder 1969). In 1985, The eulachon is an anadromous species. Eggs are
over 907 t were landed in the Columbia River (B0hn demersal and attach to substrate. Larvae, juveniles,
and Mclsaac 1986). Almost 862 t were landed in the and adults are pelagic.
lower Columbia River in 1987 (Mclsaac and Bohn
1988). Habitat

¯T_y.p_~_: Eggs occur in fresh water. Larvae are found in
Recreational: The eulachon’s annual spawning run rivers, estuaries, and the marine neriticzone. Juveniles
supportsapopularrecreationaldipnetfishery. Twenty and adults are found in the marine neritic zone at’
years ago, the sport fishery of the Columbia Riverand various depths (Barraclough 1964). During their
its tributaries had an estimated economic value of spawning migration, adults are found near the bottom
$570,000 (Snyder 1969). In manyyearsthe numberof of estuarine and riverine channels.
smelt harvested by the recreational fishery on the
Columbia River and its tributaries equals the number Substrate: Eggs are deposited in areas of pea-sized
.harvested commercially, gravel and/or semi-sandy areas with sticks and debris

(Smith and Saalfeld 1955).
Indicator of Environmental Stress: All life stages are
very sensitive to changes in temperature (Blahm and Physical/Chemical Characteristics: Spawning occurs
McConnell 1971). However, information regarding in riverine areas with moderate water velocities and at
tolerances to chemical pollution is limited, temperatures from 4-10°C. Watertemperatures colder

than 4°C appear to slow or stop adult migrations.
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Eulachon continued

at night and do not build nests (Parente and Snyder
Table 1. Relative abundance of eulachon in 1970, Garrison and Miller 1980).

32 U.S. Pacific coast estuaries.

Ufe Stage Fecundity: Approximately 7,000-31,000 eggs are laid,
Estua~    A S J L E depending on female size (Parente and Snyder1970).

Relative abundance:      Growth and Development

Grays Harbor ~; !;iiiii;i; :,iiiii!ii;; i:;~ iii;iii;i;;O Common spherical and approximately I mm in diameter (Parente
wl,apaBay O O ~/ R~re and Snyder 1970). Mature eggs have double

ColumblaRiver (~ ~] (~] ~] Blank Notpresent membranes. After fertilization, the outer membrane
Nehalem Bay ruptures and turns inside out with the outer membrane

Tillamook Bay Ufe stage: remaining attached to the inner membrane at a small
Netarts Bay

iili ii ili sA’Adults- Spawning adults spot. The adhesive edges of the outer membrane stick
Siletz River J- Juveniles to sand or other particles, hence the egg is supported

YaqulnaBay !!iiii!ii!iii!iii~ii!!i!iii~’i iI L-Larvae on a peduncle (Hart and MoHugh 1944). Embryonic
Alsea River iii!:iiiii !iiiiiiiiii~:~:~:~’~ i~

E- Eggs
development is indirect and external. Eggs hatch in 19

s=us~aw R=ver q days at water temperatures of 8.5-11.5°C, and 30-40
Umpqu~River O O days attemperaturesof4.4-7.2°C (Garrison and Miller

co~ Bay q 1980).
Rogue River #’

Klamath River ~i iii;iiiiiii iiiiiiiiii !i~!Ii~ Aee and Size of Larvae: Larvae are 4-7 mm at hatching.
~;~ ~;;~;~;~;~ Postlarvae length is unknown, but is probably about 35

stage probably occurs at 30-35 mm in length
* Includes CantraJ San

Fran~,co, Su~,u,. (Barraclough 1964).
South San Fran. Bay an~ San Pablo bays.

Elkhom Slough Juvenile Size Range:Juveniles range from 30-140 mm
Morro B~y in length.

Newport Bay
Mission Bay The eulachon can live to 5 years.

San Diego Bay

Tijuana Estuary
Food and Feeding

A s J L E Trophic Mode: Larvae, juveniles, and adults are
planktivorous.

Mi0rations and Movemont~: Larvae are apparently Food Items: Larvae and postlarvae eat phytoplankton,
swept quickly out to sea, spending little time in rivers or ¯copepod eggs, copepods, mysids, ostracods, barnacle
estuaries. Adults migrate to spawning grounds from larvae, cladocerans, worm larvae, and larvae of their
December to April, but usually peak in February and own species (Hart 1973). Juveniles and adults consume
Mamh. Spawning grounds range from just above primarily euphausiids, copepods, and otherplanktonic
estuaries to many miles above, but no extensive crustaceans. Adults do not usually feed during their
migrations exist. Ocean movements are unknown, but spawning migration.
theyarefound in the echo scattering layers (Barraclough
1964). Biological Interactions

Predation: Many predatory species follow and feed on
Reproduction eulachon during its spawning migration. The spiny
t~: The eulachon is gonochoristic and iteroparous, dogfish shark (Squa/usacanthias), sturgeon (Acipenser
however, mostdieafterspawning. Itisoviparous; eggs spp.), Pacifichalibut(Hippog/ossussteno/epis),gadids,
are fertilized externally, porpoise, finback whale (Ba/aenopteraphysa/us), killer

whale (Orcinus orca), sea lions, seals, and gulls follow
l~iP_gL.~~:Spawningusuallyoccursinthelower eulachon runs (Hart 1973). Harbor seals (Phoca
reaches of rivers or tributaries. Eulachon mass spawn vitu/ina) feed intensively on eulachon in the Columbia
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Eulachon continued

River (Jeffries1984), and salmon (Cncorhynchusspp.) Moyle, P. B. 1976. Inland fishes of California. Univ.
and other fishes eat them at sea (Hart 1973). Calif. Press, Bei’keley, CA, 405 p.

Factors Influencina_ PoD~lation~;:Temperaturechanges Odemar, M.W. 1964. Southern range e×tensionofthe
(Blahm and McConnel11971 ) and industrial pollution eulachon, Tha/eichthys pacificus. Calif. Fish. Game,
(Smith and Saalfeld 1955) can have lethal and sublethal 50(4):305-307.
effects. Complete failure (i.e., disappearance) of the
Cowlitz River run (a Columbia River tributary) from Parente, W. D., and G. R. Snyder. 1970. A pictorial
1949-1952 may have been due to industrial pollution, record of the hatching and early development of the
River flows can also alter migration patterns. The eulachon (Tha/eichthys pacificus). Northw. Sci.
drought year of 1977 caused eulachon to bypass the 44(1):50-57.
Cowlitz River and spawn in other rivers (J. Galbreath,
Oregon Department of Fish and Wildlife, Clackamas, Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
OR, pers. comm.). E.A. Lachner, R. N. Lea, andW. B. Scott. 1980. Alist

of common and scientific names of fishes from the
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Eulachon continued

River(Jeffries 1984), andsalmon (Oncorhynchusspp.) Moyle, P. B. 1976. Inland fishes of California. Univ
and other fishes eat them at sea (Hart 1973). Calif. Press, Berkeley, CA, 405 p.

Factors Influencin(~ PoPulations: Temperature changes ’Odemar, M.W. 1964. Southern range extension of th,.
(Blahm and McConnel11971 ) and industrial pollution eulachon, Thaleichthys pacificus. Calif. Fish. Game
(Smith and Saalfeld 1955) can have lethal and sublethal 50(4) :305-307.
effects. Complete failure (i.e., disappearance) of the
Cowlitz River run (a Columbia River tributary) from Parente, W. D., and G. R. Snyder. 1970. A pictoria
1949-1952 may have been due to industrial pollution, record of the hatching and early development of th{
River flows can also alter migration patterns. The eulachon (Thaleichthys pacificus). Northw. Sci
drought year of 1977 caused eulachon to bypass the 44(1):50-57.
Cowlitz River and spawn in other rivers (J. Galbreath,
Oregon Department of Fish and Wildlife, Clackamas, Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker
OR, pers. comm.). E.A. Lachner, R. N. Lea, and W. B. Scott. 1980. A lis

of common and scientific names of fishes from th~
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Microgadus proximus
Adult

5 cm

Common Name: Pacific tomcod However, it has not been collected in the Bering Sea
Scientific Name: Microgadus proxirnus recently (Matarese et al. 1981 ).
Other Common Names: California tomcod, tomcod,
piciata (Gates and Frey 1974) Within Study Area: The Pacific tomcod occurs in all
Classification (Robins et al. 1980) estuaries from EIkhorn Slough, California, north through
Phylum: Chordata Puget Sound (Table 1) (Ganssle 1966, Aplin 1967,
Class: Osteichthyes Beardsley and Bond 1970, Bane and Bane 1971, Miller
Order: Gadiformes and Borton 1980, Wang 1986).
Family: Gadidae

Life Mode
Value Eggs have not been found, but are probably demersal
Commercial: The Pacific tomcod is not a targeted and adhesive (Waiters 1984, Dunn and Matarese
commercial fish, although some fishermen catch them 1987). Larvae and small juveniles (<50 mm) are
for personal use (Hart 1973). pelagic, while juveniles and adults are demersal

(Richardson and Pearcy 1977, Matarese et al. 1981,
Recreation~,l: Although not often targeted, this species Waiters 1984).
is esteemed as a food fish by some anglers and should
receive more fishing pressure (Roede11953, Beardsley Habita|
and Bond 1970.). ~_..y.~: Eggs apparently are released in marine (euhaline)

water. Larvae and small juveniles are found in nearshore
Indicator of Environmental Stress: This is a useful marine waters (Matarese et al. 1981) and estuaries
indicator species because it is a demersal fish often (Blackburn 1973, Misitano 1977). Adults and juveniles
.found in estuarine and marine areas containing are commoninpolyhalinetoeuhalinewaters(National
contaminants. Lesions appear more frequently in Marine Fisheries Service 1981, Bottom et al. 1984,
populations near pollution sources (Malins et al. 1980). Emmett et al. 1987) and occur primarily in depths <92

m (Hart 1973).
Ecological: The Pacific tomcod is an important prey for
harbor seals (Phoca vitulina) (Beach et al. 1981) ,and Substrate: Juveniles and adults are found primarily
probably other marine mammals (Simenstad et al. oversoftbottomsofmud, silt, and fine sand (Washington
1979). It is an important predator of shrimp (Crangon 1977, Emmett et al. 1987).
spp.) (Armstrong et al. 1981, Bottom et al. 1984).

Physical/Chemical Characteristics: The Pacifictomcod
Range                                      is primarily a marine species that utilizes estuaries.
Overall: The Pacific tomcod’s overall range is from Specific salinity and temperature tolerances for each
central California (Isaacson 1965) north to the Gulf of life stage are not available.
Alaska, Unalaska Island, and Bering Sea (Hart 1973).
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Pacffic tomcodcontinued

Mating/Spawning: The Pacific tomcod apparently has
Table 1 ~ Relative abundance of Pacific tomcod an extended spawning period (Dunn and Matarese

in 32 U.S. Pacific coast estuaries. 1987). Spawning occurs in marine (euhaline) coastal
Life Stage waters (Waldron 1972, Pearcy and Myers 1974,

Estuary A S J L E Misitano1977)fromJanuarytoJuneoffSanFrancisco
Bay, California (Wang 1986), winter to spring off Oregon

� io 0i o Relative~ HighlyabundarabUndance(Richardson and Pearcy 1977, Matarese et al. 1981),
~ ’O ie ~i ~i ~) Abundant and Februaryto May in PortTownsend Bay, Washington
~ i:"i= i.:©! 0 cer, n~en (Waiters 1984).
O i’[ O

"q Rare

O i l O! B~ank Not present Fecundity: Fecundity is estimated to be 1,200 eggs per
0 I~ 0 female (Bane and Bane 1971).
O I(~ el Ufe stage:

i~ :.~ :i;::!:i A-Adults Growth and Development
~)’.:’ ’ 0 .... ’ :~

S - Spawning adults
~ J-Juveniles Egg Size and Embryonic Development: Mature, non-

i© ::i"!i: ~ ;!~i~: L-~va~ fertilized eggs are spherical and 0.96 mm in diameter
::’ I ." ,l:"’:.r’~/ ~’ :.,

E - Eggs
O.:.~. O :-i, ~~ (Waiters 1984). Embryonic development is indirect
o o q, andexternal(Matareseetal. 1981,Waiters1984). No
O O q~ information exists for length of embryogenesis.

O~ O Age and Size of Larvae: Larvae range from 2.7-26.3
i!.:.~.:’~ i~.i i~~ ~/.i. :=~i. mm in length. The yolk-sac is absorbed by 3.0 mm

’~i~.! ~i ,,..i i (Matarese et al. 1981).

~ ’ :.~1..:1 ~:" : :~~ Juvenile Size Ranae: Juveniles are 26.3 mmto probably
* Includes Centra~ San                                       -"/ ’/i 200.0 mm in total length (TL) (Matarese et al. 1981,

i Francisco, Suisun,~ s~ ~o ~. National Marine Fisheries Service 1981 ).

Age and Size of Adults: Size and age of adults have not
been studied, but maturity is probably reached in 2

....... ,~. ’~,".,. ~,~.~ years and >200 mm TL (National Marine Fisheries
:=.~ .::~ ~::~ ~:~: :~=~=:~ Service 1981 ). Adults can reach lengths of 310 mm TL
:i:.:.ii! :~:i=i:~i’ !ii~i!~=~ii (Bane and Bane 1971).

Food and Feeding
TijuanaEstuary Tro.~hic Mode: Larvae are planktonic carnivores.

A S J L E Juveniles and adults are epibenthic, planktonic, and
benthic carnivores (depending on fish size and food
availability).

Migrations and Movem~nt~: This species’ movements
are not well-studied.. Large, older fish move out of Food Items: Larvae eat calanoid and harpacticoid
estuaries in the early winter and return in the early copepods, mysids, and juvenile crangonid shrimp
spring (National Marine Fisheries Service 1981, Waiters (Waiters 1984). Juveniles consume crangonid shrimp,
1984). This is probably not an active migration, but crab megalops, fish larvae, polychaetes, isopods,
movement related to prey availability, spawning gammarid amphipods, andcalanoidcopepods. Adults
behavior, and temperature preferences. Larvae can eat fish [e.g., northern anchovy (Engraulis mordax)],
be abundant in some bays (Waiters 1984), but most gammarid amphipods, crangonid shrimp, crab
appear in nearshore waters along the open coast megalops, polychaetes, mysids, and otherinvertebrates
(Matarese et al. 1981). Juveniles appear to move to (Bane and Bane 1971, Armstrong et al. 1981, Bottom
shallow nearshore waters and estuarine areas after et el. 1984).
their pelagic phase.

Biological Interactions
Reproduction Predation: Larvae are probably consumed by many
Mode: The Pacific tomcod is gonochorisfic, oviparous, fishes. Juveniles and adults are eaten by white sturgeon
and iteroparous; eggs are fertilized externally. (Acipenser transmontanus) (Robert Emmett, pers.
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Pacific tomcod continued

observation) and other large fishes and marine Emmett, R. L., T. C. Coley, G. T. McCabe, Jr., and R.
mammals (Simenstad et al. 1979). J. McConnell. 1987. Demersal fishes and benthic

invertebrates at four interim dredge disposal sites off
Factors Influencing Popula~ons: Successful recruitment the Oregon coast. Proc. Rep., Northwest Alaska Fish.
of larvae and early juvenile stages is probably related Cent., Nat. Mar. Fish. Sew., Coastal Zone Est. Stud.
to predation and adequate prey availability. The Pacific Div., NOAA, 2725 Montlake Blvd. E., Seattle, WA, 69
tomcod appears to be a fast-growing, early-maturing p. plus appendices.
fish that has a high natural mortality rate (Waiters
1984). Ganssle, D. 1966. Fishes and decapods of San Pablo

and Suisun Bays. In D. W. Kelley (compiler), Ecological
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Oper., MRO Ref. 67-4, 131 p. common names of certain marine organisms of

California. Calif. Fish Game, Fish. Bull. 161:55-90.
Armstrong, D. A., B. G. Stevens, and J. C. Hoeman.
1981. Distribution and abundance of Dungeness crab Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res.
and Crangon shrimp and dredging-related mortality of Board Can., Bull. No. 180, 740 p.
invertebrates and fish in Grays Harbor, Washington.
Final Rep. to U.S. Army Corps Eng., Seattle, WA, Isaacson, P.A. 1965. Southern rangeextensionofthe
Contract No. DACW67-80-C-0086, School Fish., Univ. tomcod, Microgadus proximus. Calif. Fish. Game
Wash., Seattle, WA, 349 p. 51:58.

Bane, G. W., and A. W. Bane. 1971. Bay fishes of Malins, D.C.,B.B.McCain, D.W.Brown, A.K.Sparks,
northern California. Mariscos Publ., Hampton Bays, and H. O. Hodgins. 1980. Chemical contaminants and
NY, 143 p. biological abnormalities in central and southern Puget

Sound. Tech. Memo. OMPA-2, Northwest Alaska
Beach, R. J., A. C. Geiger, S. J. Jeffries, and S.D. Fish. Cent., Nat. Mar. Fish. Serv., NOAA, 2725 Montlake
Treacy. 1981. Marine mammal-fish.ery interactions on Blvd. E. Seattle, WA, 295 p.
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Atherinops affinis
Adult

5 cm

Common Name: topsmelt from San Francisco Bay (and surrounding areas) to
Scientific Name: Atherinops affinis Monterey, California, 3) A. affinis littoralis ranges from
Other Common Names: bay smelt, rainbow smelt, Monterey down to San Diego Bay, California, 4) A.
panzarotto, little smelt, least smelt, silverside, capron, affinis cedroscensis is called the kelp topsmelt, and 5)
jack pescadillo (Walford 1931, Gates and Frey 1974) Ao affinis insularium is the "island topsmelt", being
Classification (Robins et al. 1980) found around the Santa Barbara Islands, California,
Phylum: Qhordata (Schultz 1933, Feder et al. 1974). When not in estuaries,
Class: Osteichthyes it appears to stay in shallow water along the shore line
Order: Atheriniformes (Hubbs 1918).
Family: Atherinidae

Range
Value Overall: The tops melt is found fro m the Gulf of California
Commercial: Although the topsmelt is an excellent to Vancouver Island, British Columbia, Canada (one
food fish (Bane and Bane 1971 ), there is a very limited record) (Miller and Lea 1972, Hart 1973, Eschmeyer et
commercialcatch. Thetopsmeltrepresentsonlyabout al. 1983). However, it is not usually found north of
15-25% of the California "smelt" catch (Bane and Bane Tillamook Bay, Oregon.
1971 ). It is usually taken in association with jacksmelt
(Atherinopsiscaliforniensis) (Frey 1971). Within Study Area: This species is found in most

estuaries of the study area south of Tillamook Bay,
Recreational: It is taken by recreational anglers year Oregon (Table 1) (Schultz 1933, Myers 1980).
round and is one of the most commonly caught fishes
from piers in California. Since this species is abundant Life Mode
and can be easily captured by light tackle, it is an Eggs are benthic, larvae are planktonic, and juveniles
important recreational fish for children (Frey 1971 ). and adults are schooling pelagicfish. However, juvenile

and adults will apparently move into shallow waters
Indicator of Environmental Stress: The topsmelt can and feed on the bottom.
withstand extreme salinities (80%0) (Carpelan 1955),
and is an excellent bioassay organism (Reish and Habitat
Lemay 1988). _T_xJ~: Eggs are benthic and found in estuaries, bays,

and lagoons. Larvae are also found in embayments.
Ecological: This species is one of the most abundant Larvae are planktonic but school near the surface in
pelagic fishes in many Pacific coast estuaries (Allen shallow and open water (Wang 1986). Juveniles and
and Horn 1975, Horn 1980, Allen 1982, Horn and Allen adults are pelagic but are found over a wide range of
1985). Five subspecies are presently recognized: 1 ) A. habitats depending on time of year (Feder et al. 1974).
affinisoregoniaisanorthernvarietyfoundfromOregon The topsmelt is primarily a marine fish that prefers
to Humboldt Bay, California, 2) A. affinis affinis occurs estuaries, bays, sloughs, and lagoons (Moyle 1976).
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Topsmelt continued

at salinities of 30%o (Middaugh and Shenker 1988).
Table 1, Relative abundance of topsmelt ’ The topsmelt is often found in waters of high turbidity.

in 32 U.S. Pacific coast estuaries. Maximum temperature for proper egg development is
Life Stage between 27.0-28.5°C, and the minimum temperature

Estuary_    A S J L E foreggdevelopmentappearstobenear12.8°C(Hubbs
PugetSound i:iiiill,~i’i,!:, !i

~.!~: I’i:.i: Relative aburidance: 1965). Juvenile and adult topsmelt appear to be
Hood Canal .... ::~iii i:i:’: ¯ Highly abundant eurythermal (Carpelan 1955), but temperatures of 26-
Skagit Bay .:....’.i.i’ ’. ....... ::’i: ~ Abundant 27°C appear to cause stress (Ehrlich et al. 1979). The

Grays Harbor :.~.i iii~.i O Common upper and lower lethal temperatures for juvenile fish
WillapaBay "~ ~/ "y’ Rare were found to be 31.7°C and 10.4°C, respectively

ColumblaRiver ~/ ~/
Blank Notpresent

(Doudoroff 1945).
Nehalem Bay ~/ ~/

C)! Eifestage: Migrations and Movements: Larvae appear to stayTillamook Bay O . I ..:..,. ,:.:.::
A- AdultsaetartsBay ii~ i~ :1~;O::~): S-Spawning adults near the surface in slow-moving waters. Although

siletz River }iiiiiiiil !ii!ii::ili i’~ii}iiii!j-Juven,es some adults and juveniles will stay in the open waters
Yaquina Bay :!~"!!~":~ilC~’!~ L- Larva~ of some estuaries and bays year-round, most move to
A, sea R,ver  - ggs

................ neritic areas and coastal kelp beds during fall and
S=us~awR~or @ @ ~! O @ winter (Wang 1986). During spring, they are often
umnqua R=ver O found nearthe entrance of bays (Schultz 1933). Adults

coos Bay ¯ ¯ ¯ O ¯ move into shallow water sloughs and mud flats in late
Rogue River spring and summer to spawn, and follow the salt wedge

;~::~:: :~:~:.~ to upper estuarine areas during summer and fall (Wang
Humboldt Bay :!~’:~"iO:’.(~:’:~! 1986).

Tornales i!~’ :i~.!i.~,!~:                  Reproduction
Cent. San Fran. Bay" O ’ (~: O    * Includes Central San~r~,~, s~,, Mode: The topsmelt is gonochoristic, iteroparous, and
South San Fran: Bay (~ ¯ ¯ ® ¯ ~o~ S,= P~,o ~,. oviparous; eggs are fertilized externally.

Elkhorn Slou ¯ ¯, ¯ ~) ¯
Morro Bay ¯ ¯i ¯ (~1 ¯ Matino/SDawnino: Spawning occurs in Newport Bay,

sa~ Pedro B~y :i~ ;i~.::~’:. i~:. !~}
California, as early as February but most occurs during

Alarnitos Bay ,:~ :!~ ’:!’~: ’~" :~’ May and June (Fronk 1969). Spawning occurs from

Anaheim Bay ii~ :i~ :@’ :~’ :~:.
April to October in San Francisco Bay, with peaks in

Newno~t ~ay ~ ~i ¯ O @ May and June (Wang 1986). Spawning takes place at
temperatures of I 0-25°C and in shallow water habitats

Mission Bay (~ ~ ¯ O (~
that have appropriate submerged aquatic vegetationSan D[ego Bay ~ ~]I¯ 0 (~

TijuanaEstuary ¯1 ¯I ¯ ¯ ¯
(Schultz 1933). Most spawning may occur at night

A S J L E (Fronk 1969). The topsmelt appears to spawn in
batches, laying eggs more than once du ring a spawning
season (Fronk 1969, Wang 1986).

Substrate: Eggs are laid primarily on eelgrass (Zostera
spp.) and adhere to macroalgae on tidal flats (Schultz Fecundity: Fecundities range from 200 eggs per female
1933). Larvae areoften found oversoft, unconsolidated (of length 110-120 ram) to about 1,000 eggs per female
sediments ahd othersubstrates (Wang 1986). Juveniles (of length 160 mm and over) (Fronk 1969).
and adults occur along sandy beaches, in kelp beds,
over rocky reefs, and around piers (Feder et al. 1974). Growth and Development

Egg Size and Embryonic Development: Eggs are
Physical/Chemical Characteristics: The topsmelt is a spherical and 1.5-1.7 mm in diameter (Wang 1986).
euryhaline species (Fronk 1969). Eggs develop Eggshaveathickchorionbearing2-8filamentsattached
successfully in salinities up to 72%o (Carpelan 1955). in a random pattern. These filaments cause the eggs
Smaller fish may tolerate high salinities better than tobecomeentangledwitheelgrassandothervegetation
larger fish (Carpelan 1955). Young-of-the-year are (Wang 1986). Embryonic development is indirect and
common in mesohaline and oligohaline areas of external. Hatching time varies from 35 days at13°C to
southern San Francisco Bay (Wang 1986). While <9 days at 27°C (Hubbs 1965).
juveniles can tolerate salinities ranging from 2-80%o,
growth is reduced at higher salinities (Middaugh and Age and Size of Larvae: Larvae are 4.3-4.9 mm long
Shenker 1988). Optimum survival and growth occurs (total length) at hatching and about 0.0011 g (wet
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Topsmelt continued

(total length) at hatching and about 0.0011 g (wet
weight). They are also reported to be 5.1-5.4 mm long References
(standard length) at hatch~g (Midd~ugh et al. 1990).
They are 9.5-10.0 mm long when the yolk-sac is Allen, L.G. 1982. Seasonalabundance, composition,
absorbed. Juvenile characteristics are formed when and productivity of the littoral fish assemblage in upper
approximately 18.5 mm long (Wang 1986). Newport Bay, California. Fish. Bull., U.S. 80(4):769-

790.
Juvenile Size Range: Juveniles are approximately
18.5-120.0 mm long (Schultz 1933, Fronk 1969). Allen, L. G., and M. H. Horn. 1975. Abundance,

¯ diversity and seasonality of fishes in Colorado Lagoon,
Age and Size of Adults: Northern varieties grow larger Alamitos Bay, California. Est. Coast. Mar. Sci. 3:371-
than southern subspecies (Schultz 1933). Maturity is 380.
reached in two years at about 120 mm in length by A.
affinislittoralis (Schultz1933, Fronk1969). InOregon, Bane, G. W., and A. W. Bane. 1971. Bay fishes of
only 5% mature in their second year; most mature in northern California with emphasis on the Bodega
their third year when >200 mm long (Schultz 1933). Tomales Bay area. Mariscos Publ., Hampton Bays, ¯
This species.can live up to 8 years and reach lengths NY, 143 p.’
up to 37 cm (Schultz 1933, Eschmeyer et al. 1983).

California Department of Fish and Game. 1987. Delta
Food and Feeding outflow effects on the abundance and distribution of
Tro.ohi~ Mode: The topsmelt is omnivorous (Quast San Francisco Bay fish and invertebrates, 1980-1985.
1968, Horn and Allen 1985). Juveniles and adults often Exhibit 60, entered by the Calif. Dept. Fish Game for
feed near the water surface, but feed on the bottom the State Water Resources Control Board 1987 Water
when in shallow water (about 2 m or less). They feed Quality/Water Rights Proceeding on the San Francisco
primarily during the day (Hobson et al. 1981). Bay/Sacramento-San Joaquin Delta. Calif. Dept. Fish

Game, Stockton, CA, 345 p.
Food Items: Estuary and bay inhabitants feed primarily
on plant material, including Melosira moniliformis, Carpelan, L. H. 1955. Tolerance of the San Francisco
Entermorphaspp.,andotheralgaeanddiatoms(Fronk topsmelt, Atherinops affinis affinis, to conditions in
1969, Moyle 1976, Ruagh 1976). They also consume salt-producing ponds bordering San Francisco Bay.
small crustacea (amphipods, copepods, insects, and Calif. Fish Game 41 (4):279-284.
cumaceans) and some benthic invertebrates
(p01ychaetes and gastropods) (Horn and Allen 1985). Doudoroff, P. 1945. The resistance and acclimatization
Oceanicinhabitantsareprimarilyplanktoniccrustacean of marine fishes to temperature changes. II.
carnivores. Primary prey include gammarid and Experimentswith Fundulus and Atherinops. Biol. Bull.
caprellid amphipods, mysids, ostracods, copepods, 88(2):197-206.
and crustacean larvae (Quast 1968, Fronk 1969).

Ehrlich, K. F., J. M. Hood, G. Muszynski, and G. E.
Biological Interactions McGowen. 1979. Thermal behavioral responses of
~: The topsmeit.is an important prey for many selected California littoral fishes. Fish. Bull., U.S.

.~ piscivorous birds and fishes, including yellowtail (Seriola 76(4) :837-849.
i lalandel) and other large fishes (Feder et al. 1974).

Eschmeyer, W. N., W. S. Herald, and H. Hammann.
’i . rs Influencing Populations: Population abundance 1983. A field guide to Pacific coast fishes of North.i \~ficantly correlated to temperature and salinity America. Houghton Mifflin Co., Boston, MA, 336 p.~

"~ Bay, California (Allen 1982). No relation
..’. "~etween abundance indices and river flow Feder, H. M., C. H. Turner, and C. Limbaugh. 1974.

~. ~ Bay (California Department of Fish Observations of the fishes associated with kelp beds in
"~.his species commonly impinged southern California. Calif. Fish Game, Fish Bull. 160,

’~’~ "~,~ screens, but this may not be a 138 p.
is

E_~,~.,~o ~q~rtality for the bay population
pele "~t.ric 1980). Since this species Frey, H. W. 1971. California’s living marine resources

i anci~ _,~ "~.s areas for spawning, the and their utilization. Calif. Dept. Fish Game,
98~;1 ~o~’.~,~ ’\habitat adversely affects Sacramento, CA, 148 p.
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Topsmelt continued

Fronk, R. H. 1969. Biology of Atherinops affinis Myers, K. W.W. 1980. An investigation of the
littoralis Hubbs in Newport Bay. M.S. Thesis, Univ. utilization of four study areas inYaquina Bay, Oregon,
Calif., Irvine, CA, 106 p. by hatchery and wild juvenile salmonids. M.S. Thesis,

Oregon State Univ., Corvallis, OR, 234 p.
Gates,. D. E., and H. W. Frey. 1974, Designated

of certain marine of Quast, J. C. 1968. Observations the food of thenames organisms
California. Calif. Fish Game, Fish Bull. 161:55-90. kelp-bed fishes. Calif. Fish Game, Fish Bull. 139:109-

142.
Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res.
Board Can., Bull..No. 180, 740 p. Reish, D. J., and J. A. Lemay. 1988. Bioassay manual

fordredged sediments. Research Rep., various pages.
Hobson, E. W. N. McFarland, and J. R. Chess. 1981. Available, U.S. Army Corps Eng., Los Angeles District,
Crepuscular and nocturnal activities of Californian Los Angeles, CA, (Contract Number DACW-09-83R-
nearshore fishes, with consideration of their scotopic 005).
visual pigments and the photic environment. Fish.
Bull., U.S. 79(1):1-30. Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,

E. A. Lachner, R. N. Lea, and W. B. Scott. !980. A list
Horn, M. H. 1980. Diel and seasonal variation in of common and scientific names of fishes from the
abundance and diversity of shallow-water fish United States and Canada.Am. Fish. Soc. Spec. Publ.
populations in Morro Bay, California. Fish. Bull., U.S. No. 12, Am. Fish. Soc., Bethesda, MD, 174 p.
78(3):759-770.
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marine fishes of California. Calif. Fish Game, Fish Bull..
157, 235 p.

Moyle, P. B. 1976. Inland fishes of California. Univ.
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Atherinopsis cafiforniensis
Adult

10 cm

Common Name: jacl~smelt caught within 5 km of shore (Ruagh 1976).
Scientific Name: Atherinopsis californiensis
Other Common Names: California smelt, silverside, Range
horse smelt, blue smelt, pescado del rey, peixe rey, Overall: Overall range is from Santa Maria Bay, Baja
pesce rey, jack smelt (Gates and Frey 1974) California, to Yaquina Bay, Oregon (Miller and Lea
Classification (Robins et al. 1980) 1972, Eschmeyer et al. 1983).
Phylum: Chordata
Class: Osteichthyes Within Stud.v Area: The jacksmelt is commonly found in
Order: Atheriniformes most bays and estuaries that have appropriate habitat
Family: Atherinidae south of Coos Bay, Oregon (Table 1 ).

Value Life Mode
Commercial: In 1945, over 907 kg of jacksmelt were Eggs are demersal and adhesive (Clark 1929). Larvae
landed, primarily from Newport, Monterey, San school and are pelagic (Wang 1986). Juveniles and
Francisco, Tomales and Humboldt Bays, California adults are surface-oriented pelagic schooling fishes
(Frey 1971). Presently, it forms the largest portion of (Allen and DeMartini 1983).
the"smelt" captures in California, but is not considered
an important commercial fish. It is primarily caught Habitat
incidentally during other fisheries. .T.y.p_~: Eggs are usually found on vegetation in shallow-

~. water nearshore marine habitats as well as estuaries

~,~
Recreational: The jacksmelt is commonly captured and bays (Wang 1986). Larvae are also found in

California piers (Frey 1971)and is easily caught estuarine, bay, and kelp bed habitats and actively
light hook and line fishing gear (Frey 1971). In school near the surface. Juveniles and adults are

~ia, there are no recreational catch limits found in neritic, estuarine, and bay environments.
Department of Fish and Game 1987a). Juveniles and adults are most often found in murky

&
water from the surface down to 29 m, but tend to

No information is concentrate between 1:5 and 15 m (Feder et al. 1974).
.~. However, because the jacksmelt

and rearing, degradation Substrate: Eggs are laid on substrates/vegetation that

~.
affectthis species’ population, allow them to become entangled (Zostera spp.,

m
Gracillaria spp., and hydroids, etc.) (Frey 1971, Wang

¯ " an important me ber of 1986). Larvae are found over a variety of substrates,
~,~i, bay, and estuary but mostly sandy and muddy bottoms and in the kelp

~ "~ini 1983, California canopy (Frey 1971 ). Juveniles and adults prefer sandy
~Tb). Itisoften found bottoms (Feder et al. 1974).¯

~/ops affinis) and usually
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I Jacksmeltcontinued

During summer, large schools of juveniles and some

I Table 1. Relative abundance of jacksmelt in adults reside in bays and estuaries, moving out to
32 U.S. Pacific coast estuaries. ’ coastal waters in the fall.

I Life Stage Reproduction
Estuary___ A S J L E Mode:Thejacksmeltisgonochoristic, iteroparous, and

Puget Sound ii:!i!i Relative abundance: oviparous. It is a batch spawner and eggs are fertilized
Hood Cana~ ~iiii~ : " ’:’: ’:’:~=~: externally (Clark 1929).... " :’: ~. ’ ::’:i:i ’~:i.. ¯ Highly abundant

I Skagit Bay ~ Abundant

Grays Harbor ’i:i" ’ O ComraDe M~tine/SDawnine: Spawning may occur from October
~/ Rare - " -W~,ana Bay to March with a peak during November-March (ClarkBlank Not present

i Columbia River 1929), and reportedly year-round in southern California
Neh,~em Say (Feder et al. 1974) In San Francisco Bay, spawning

Tillamook Bay Life stage:
~"~=~:~"":":~.=~:~4~=~A-Adult¯ occurs from October to early August (Wang 1986).

Netartsaay ......... ...........~ :!::’::’ =:’~=~S-S~,n~,~adu~s Spawning in San Pablo Bay is reported to occur from
8iletz River ii:~:!:i ii:’:’,.: ’i::.ili’.: ,~.~:~,J-J~eni~es September to April (Ganssle 1966). In Tomales Bay,

Alsea River ii!!ii:ii.i.i ii!iiii:=i::!!:::i:’::;~: :’:::!,! ......
E-Eggs spawning occurs from January to March (Banerjee

Siuslaw River 1966). Spawning occurs over marine vegetation in

I River shallow coastal waters and in bays and estuariesUmpqua
coos Bay O O where appropriate substrate is available.

Rogue River

I Klamath a~ver ~i:~ii.li: ~:’~:~’:i i~’:iii::~:::. ..!::i!~; Fecundity: Fecundity is not documented, but probably
Humboldt Bay ::~ :’O’ i;~ i(~ i(~ over 2,000 eggs per female.

Eel River ’::’i,’ : :!’:

Tomales Bay ::.~ ie !!~: i :i. Growth and DevelopmentI Oent.SanFran. eay* ¯ ¯eie ¯ Ino=u~sCar~,a~S~, Egg Size and Embryonic Development: Unfertilized
Francisco, Suisun,                                            -

South San Fran. Bay ¯ ¯ ~1 ¯ ¯ and San Pab!o bays. eggs are spherical and 0.9-2.2 mm in diameter (Clark
¯ ElkhornSIough ~ ~ O ~ ~ 1929); fertilized eggs are 1.9-2.5 mm in diameter

i Morro Bay (~ (~ O O (~ (Wang 1986). Eggs have a thick, hard chorion that has
Santa MonicaBay !~ ~:’~’.’(~’"~ 15 or 16, 1-2 mm-long filaments attached. These

San Pedro Bay ::~ ’~" ii(~’ O ~.~:. filaments entangle eggs on substrates to form large
~i: :, I~m"O’ ~Y ’’~:;~;;: "::’1;’~:~ ....~ ’,.’::~; egg masses (Wang 1986). Embryonic development isI Anaheim Bay i:i:i:i:i ii:iiiiiii’’’i!:;:: ’ ............ ~., ........ indirect and external. The yellowish-orange eggsNew~ett Bay "~/ "q hatch within seven days at 10-12°C (Wang 1986).

Mission Bay ~ (~ ~] ~ ~]
San Diego Bay O O O O O Aoe an~ Size of Larvae: After hatching, larvae remainTijuana Estuary -

A S J L E on the bottom for a moment and then actively swim
near the surface (Wang 1986). Larvae live on their
yolk-sac until it is absorbed (about 48 hours after

Physical/Chemical Characteristics: Temperature and hatching) (Middaugh et al. 1990). The larval size range
salinity tolerances of this species are not known, is 7.5-8.6 mm long at hatching to about 25 mm long at
However, the distribution of juvenile and adult jacksmelt transformation to juvenile (Clark 1929, Wang 1986). At
in San Francisco Bay shows they occur primarily in 8days,theyare10.5-11.7mmlong;at24daystheyare
polyhalineandeuhalinewaters (California Department 17.6-20.3 mm long (Middaugh et al. 1990).
of Fish and Game 1987b). Eggs may hatch in salinities
as low as 5%0 (Wang 1986). Optimum larval and Juvenile Size Range: Juvenile jacksmelt average 110
juvenile survival and growth appears to be within mm long at the end of their first year, and 180-190 mm
salinities of 10 to 20%0, indicating larvae may prefer at the end of two years (Clark 1929).
mesohaline salinities (Middaugh and Shenker 1988,
Middaughetal. 1990). Thejacksmeltappearstoprefer Age and Size of Adults: Individuals that grow quickly
turbid waters (Feder et al. 1974). (>200 mm long) will mature in their second year.

However, all individuals mature by their third year
Migrations and Movement~: This species is seldom (Clark 1929). The largest jacksmelt reported was 78
found far from shore (Baxter 1960). Jacksmelt move cm long, but the largest actually measured was 62 cm
inshore and into bays and estuaries to spawn.during (Miller and Lea 1972). Maximum age may be 11 years
late winter and early spring (Clark 1929, Wang 1986). (Frey 1971 ).
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Jacksmelt continued

Food and Feeding                             Bane, G. W., and A. W. Bane. 1971. Bay fishes of
Tro_~hicMode:Thejacksmeltisomnivorous(Baneand northern California with emphasis on the Bodega
Bane 1971, Ruagh 1976), Tomales Bay area. Mariscos Publ., Hampton Bays,

NY, 143 p.
Food Items: Primary prey for this species include algae
(Ulothrix spp., Melosira moniliformis, Enteromorpha Banerjee, T. 1966. Survey of the fishes of Tomales
spp., and other filamentous algae, and benthic diatoms), Bay with notes on thelife history of the white seaperch,
crustaceans (mysids, copepods, decapod larvae), and Phanerodon furcatusGirard. M.S. Thesis, Univ. Pacific,
detritus (Bane and Bane 1971, Ruagh 1976). Stockton, CA, 81 p.

Biological Interactions Baxter, J. L. 1960. Inshore fishes of California. Calif.
Predation:Thejacksmeltiseatenbyyellowtail(Seriola Dept. Fish Game, Sacramento, CA, 80 p.
lalandel), kelp bass (Paralabrax clathratus), sharks,
and other piscivorous fishes (Baxter 1960, Federet al. CaliforniaDepartmentofFishandGame. 1987a. 1987
1974). It is probably also eaten by piscivorous birds California sport fishing regulations. Calif. Dept. Fish
[e.g.,brownpelican(Pelecanusoccidentalis)andgulls] Game, Sacramento, CA, 12 p.
and marine mammals.

California Department of Fish and Game. 1987b.
FactorslnfluencingPoDulations:Becausethisspecies ¯ Delta outflow effects on the abundance and distribution
utilizes embayments and estuaries for spawning, it is of San Francisco Bay fish and invertebrates, 1980-
highly susceptible to adverse effects from pollution and 1985. Exhibit 60, entered by the California Department
habitat modification. Interestingly, jacksmelt are not of Fish and Game for the State Water Resources
commonly found in Anaheim Bay, Alamitos Bay, or Control Board 1987 Water Quality/Water Rights
Newport Bay, California (Klingbeil et al. 1974, Allen Proceeding on the San Francisco Bay/Sacramento-
and Horn 1975, Allen 1982), whereas topsmelt are San Joaquin Delta. Calif. Dept. Fish Game, Stockton,
abundant in these bays. Apparently jacksmelt are CA~ 345 p.

much more sensitive to salinity and temperature
fluctuations than topsmelt. A parasitic nematode often Clark, F. N. 1929. The life history of the California jack
infests the flesh of jacksmelt, thus reducing its smelt, Atherinopsis californiensis. Calif. Fish Game,
commercial and recreational value (Frey 1971 ). The Fish Bull. 16, 22 p.
final host for this parasite is perhaps sharks or pelicans
(Frey 1971). Freshwater inflow affects jacksmelt Eschmeyer, W. N., W. S. Herald, and H. Hammann.
distributions in San Francisco Bay; during years of low 1983. A field guide to Pacific coast fishes of North
freshwater inflow, jacksmelt use San Pablo Bay and America. Houghton Mifflin Co., Boston, MA, 336 p.
Carquinez strait, but in high-flow years they are more
abundant in South and Central San Francisco Bay Feder, H. M., C. H. Turner, and C. Limbaugh. 1974.
(California Department of Fish and Game 1987b). Observations on fishes associated with kelp beds in

southern California. Calif. Fish Game, Fish Bull. 160,
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Gasterosteus aculeatus
Adult

2 cm

Common Name: threespine stickleback Wootton 1976). Trophic phenotypes have also been
Scientific Name: Gasterosteus aculeatus identified (Lavin and McPhai11986).
Other Common Names: common stickleback, two-
spined stickleback, stickleback, thornfish, thornback, Range
needle stickleback (Bigelow and Schroeder 1953, Overall: Overall distribution is amphiboreal (interrupted
Okada 1955, Gates and Frey 1974) northern circumpolar range), found between lat. 35°N
Classification (Robins et al. 1980) and 70°N in Europe (Wootton 1976). In eastern North
Phylum: Chordata America it is found from Chesapeake Bay north to
Class: Osteichthyes Baffin Island, while in western North America it occurs
Order: Gasterosteiformes from Baja California, Mexico, to St. Lawrence Island,
Family: Gasterosteidae Alaska (tvlcPhail and Lindsey 1970, Scott and Crossman

1973, Wootton 1976, Wydoski and Whitney 1979). In
Value the western North Pacific, it is found from the Bering
Commercial: This species is not commercially .SeasouthtonorthemJapan(Andriyashev1954,Okada
harvested. 1955).

Recreational: The threespine stickleback is a good Within Study Area: The anadromous plated form
aquarium fish and commonly used for studying fish (trachurus) is found in all Pacific coast estuaries from
behavior and physiology (Carlander 1969, Wootton the San Lorenzo River in north Monterey Bay, California,
1976). through Washington (Table 1 ) (Miller and Hubbs 1969,

Wootton 1976). The southern distribution of the
Indicator of Environmental Stress: Because the anadromous form appears to be limited by high
threespine stickleback is easy to collect and hold in temperatures (Bell 1976). The non-anadromous form
laboratory conditions, it has often been used as an has a wider distribution (Wooton 1976).
experimental animal fortesting water pollution (Wootton
1976). For example, heavy metals have been found to Life Mode
be highly toxic to this species (Wootton 1976). Eggs are demersal and are laid by the female in.a nest

built by a male. Larvae are free-swimming, but stay
.Ecolo0ical: The threespine stickleback is prey for many with the nest, which is guarded by the male. Juveniles
species of fishes and birds, and is an important resident and adults are pelagic, but typically do not travel far
of shallow-water estuarine habitats and lakes. It also from shore. However, some have been captured far
colonizes irrigation canals and reservoirs (Moyle 1976, out at sea (Clemens and Wilby 1961, Wootton 1976).
Simenstad 1983). Different morphological forms exist Within the study area, at least two morphological
(each having distinct habitats with little hybridization) varieties occur. The trachurus form is anadromous,
leading scientists to describe many subsPecies (see migrating from marine waters to brackish and fresh
"Life Mode") (Hagen 1967, Miller and Hubbs 1969, waters to breed. It possesses a complete set of latera’,
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Threespine stickleback continued

Substrate: Although adults and juveniles are found
Table 1. Relative abundance of threespine over a variety of substrates, breeding male sticklebacks

stickleback in 32 U.S. Pacific coast normally attempt to build their nests over soft mud or
estuaries, sand bottoms that have vegetation nearby (Scott and

Life Stage Crossman 1973, Wootton 1976, Wydoski and Whitney
A S J L E 1979)

PugetSound ~ i~ ~:..i~.!i,,1~. Relative abundance:
HoodCanal ~.:.i~..~ii..!i~ii~ ¯ Highly abundant Physical/Chemical Characteristics: The threespine
Skagit Bay J~’:.’~"iJ:’:i~ !i~ (~ Abundant stickleback can tolerate minimum dissolved oxygen

Grays Harbor ~’,:i~" J:.:’i~i~ O Common

Willapa Bay (~ 1~ ¯ O O
-q Rare concentrations as low as 0.25-0.50 mg/I (Wootton

Columblaalver (~ ¯ O I~
Blank Notpresent 1976). Maximum temperature before mortality is 26°C

(Blahm and Snyder 1975). This species can withstand
Neha~em Bay O (~ (~ O
TillamookBay O O O O O Ufestage: a wide range of salinities, but this depends on water

NetartsBay ~i~ii~:.i~i!i~ A-AdulIs temperature, degree of sexual maturity, and

Slletza~ver ~ i~i~.~i~i~!~
S-S~wningadul~ morphological form (leiurus or trachurus) (Wootton

...... , ....... J - Juveniles
Yaquina Bay i.~ !~i i~ii ii~ i~i~ L- Larvae 1976). The migratory trachurus form loses its ability to

Alseaaiver ~ ;~i~!i~il~
E-Eggs tolerate fresh water during fall (Wootton 1976).

s~us~a~ R~ver ¯ O ~ O O Spawning occurs attemperatures of 15.8-18.5°C (Vrat

Umpqua River 1~ ~] ¯ O (~ 1949) in very shallow fresh to polyhaline waters (Morrow

Coos Bay O O ~ O O 1980, Wang 1986).
Rogue River O O O O O

K~arna~h River ~ !~i i~! ii~ i~ Migrations and M0vements:Thefreshwaterformwinters
Humboldt Be.y ijl !~! !~i i:~ i~ in deep water and moves to shallow water in spring

Eet River :~:~ i~i ~: i~ !~ (Morrow 1980). The anadromous form migrates into
.......... shallow fresh and brackish waters of coastal estuaries

Cent. SanFran. Bay~’ ’1~’ ¯ ’~’~ ,,o,~d=C~,tr~,S~, in the spring to spawn (Wydoski and Whitney 1979,
Fr,=~,~o. s~su,. Whoriskey and FitzGerald 1989). Surviving spawnersSouth San Fran. Bay

~)O~OO
~,~s~nP~o~,. (massive post-spawning mortality can occur) andElkhorn Slough O ’

MorroBay O O juveniles move back to sea in the fall (Wang 1986).
Santa Monica Bay i!!!! i ili::!::i!iiiii:ii~;ii Anadromous juveniles may start moving to sea at

San Pedro Bay

:,ii:.i::,’
i;i!!illI iii!i!~=!ii about 5 weeks of age (Bakker and Feuth-De Bruijn

Alamltos Bayii~ii~!iii i!iiiiiiiil ii!!i’i’:=: ili;iiiiiii ili!!!iii!i 1988). Sticklebacks have been found far out to sea, but
~i:~iii:::= ................:~ these individuals may be lost from the population

Newport Bay (Quinn and Light 1989); most sticklebacks stay close to
Mission Bay shore (Bigelow and Schroeder 1953, McPhail and

S~nDlego Bay Lindsey 1970). Juveniles and non-breeding adults
Tijuana Estuary form loose schools, probably to aid in finding food and

A S J L E protection from predators. Duringthebreedingseason
in estuaries (spring and early summer), adults breed in

bony plates, and is silver in color. The leiurus form shallow water. After the breeding season, adults and
spends its entire life in fresh water, has few lateral bony juveniles move into deeper open waters.
plates, and is olive-brown in color (Scott and Crossman
1973, Moyle 1976, Garrison and Miller 1980). Reproduction

Mode: The threespine stickleback is gonochoristic,
Habitat polygamous, oviparous, and iteroparous; eggs are
T_y.p_~: All life stages are typically found associated with fertilized externally (Vrat 1949).
vegetation in shallow water bays, lakes, and slow-
moving rivers. This species occurs primarily in low- Mating/Spawning: Spawning occurs from early spring
lyingcoastalstreamsandlakes(Moyle1976).However, (March) to fall (October), depending on location.
threespine sticklebacks have been found up to 500 However, the anadromous form spawns primarily in
milesouttosea(McPhailandLindsey1970). Breeding June and July in the U.S. (Vrat 1949, Moyle 1976,
andnestbuildingoccursonthebottominshallowwater Wootton 1976, Wydoski and Whitney 1979, Wang
areas in both freshwater and marine habitats, but the 1986). In the Mediterranean, sticklebacks begin
success of reproduction in marine environments is breeding in March, when watertemperatures are 10°C
uncertain (Vrat 1949, Hart 1973). and the spawning season lasts about 50 days (Crivelli

and Britton 1987). During the breeding season the
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Threespine stickleback continued

male becomes territorial (McPhail and Lindsey 1970, Food and Feeding
Wootton 1976), its bod~develops green and orange- .Trophic Mode: Larvae are planktonic carnivores.
red spawning colors, and the eyes become blue. The Juveniles and adults are opportunistic carnivores that
male builds a nest out of available material (sand, willfeedonbenthicandplanktonicorganismsdepending
algae, etc.). The nest can be an irregular cocoon with on prey availability (Hart 1973, Scott and Crossman
two openings or a hollow sandy pit below a pad of 1973, Wydoski and Whitney 1979). Sticklebacks prefer
material (Wang 1986). The male performs a zig-zag planktonic prey, but will switch to benthic prey as
dance to entice the female to his nest to deposit her zooplankton densities are reduced (Ibrahim and
eggs. After she has deposited her eggs and I.eft, the Huntingford 1989). Sticklebacks may not feed on the
male fertilizes them. Males may spawn with many most abundant zooplankton if it is too large to be
different females, and females with different males, ingested (Williams and Delbeek 1988), and may be
After rearing one clutch, the male may rebuild his nest slow in exploiting new food resources (Moyle 1976). In
and starts again (Moyle 1976, Wootton 1976, Morrow areas where sympatric stickleback species occur,
1980). Depending on food supply, a female may competition for food is not thought to occur because of
spawn up to 20 times during a spawning season abundance of prey and morphological constraints on
(Wootton 1976). Highly aggressive males appear to feeding behavior (Delbeek and Williams 1988).
have lower breeding success than less aggressive
males (Ward and FitzGerald 1987). Eood Items: While in freshwater and estuarine habitats,

the threespine stickleback consumes calanoid
Fecundity: Females lay about 20-300 eggs per copepods, cyclopoid copepods, cladocerans (e.g.,
spawning (depending on female size) (Wootton 1976); Daphniaspp.), ostracods, aquatic insect larvae, snails,
average fecundity is probably near 200 (Bolduc and terrestrial insects, annelids, spiders, larval fish, and
FitzGerald 1989). Overall seasonal fecundity appears amphipods (e.g., Corophium spp.) (Manzer 1976). In
to be related to the amount of time spent on the marine environments, calanoidcopepods (Centropages
breeding grounds (Bolduc and FitzGerald 1989). typicus, Eurytemoraspp.,andothers),copepodnauplii,
Trachurus forms are more fecund than leiurus forms euphausiid larvae, decapod larvae, and clam larvae
(Wootton 1976, Mori 1990). are eaten (Maitland 1965, Hart 1973, Moyle 1976,

Wydoski and Whitney 1979, Worgan and FitzGerald
Growth and Development 1981, Bottom et al. 1984, Snyder 1984). Female
Egg Size and Embryonic Development: Eggs are sticklebacks will cannibalize eggs if a nest is lefl
spherical and 1.1-1.9 mm in diameter (Vrat 1949, unguarded by a male (Smith and Whoriskey 1988).
Wootton 1976, Wang 1986). Embryonic development
is indirect and external. Eggs take 7 or 8 days to hatch Biological Interactions
at 18-19°C (Wootton 1976, Wang 1986). However, Predation: The threespine stickleback is an importan
time to hatching can range from 6-40 days depending preyfor manyfishes[e.g.,cutthroattrout (Oncorhynchu:
on temperature (Wootton 1976). clark1), rainbowtrout (O. mykiss), lake trout (Salvelinu:

namaycush), Dolly Varden (Sa/velinus malma), northen
Age and Size of Larvae: Larvae are 3,0-5.5 mm at pike (Esox lucius), northern squawfish (Ptychocheilu,
hatching, depending on location. Metamorphosis to oregonensis), yellow perch (Perca flavescens)], bird:
juvenile begins in about 30 days at approximately 10 (e.g., herons, gulls, terns, diving ducks, an~
mm total length (TL) (Vrat 1949, Bigelow and Schroeder mergansers), and some mammals (Hart 1973, Wootto~
1953, Wootton 1976, Wang 1986). 1976, Morrow 1980). Adult sticklebacks also e~

stickleback eggs and larvae.
Juvenile Size Range: Juveniles are probably 11-30
mm TL, depending on location and availability of food Factors Influencing PoDulations: In lakes, thethreespin
(Wootton 1976). stickleback may compete with sockeye salmon

nerka) for food (Foerster 1968). However, stickleback
Ageand Size of Adults: Most populations of sticklebacks usually do not inhabit the limnetic zone (where sockey
mature within one year and at approximately 30 mm TL typically reside), so food competition is probably minim;
(Jones and Hynes 1950, Wootton 1976). They can live (Manzer 1976). A variety of parasites are believed
to4yearsand76-85mmiong(Wootton1976,Wydoski affect the stickleback’s feeding behavior an
and Whitney 1979). Some are reported to have grown susceptibilityto predation (Wootton 1976, Milinski 198~
larger than 102 mm (Scott and Crossman 1973). In Temperature, food availability, predation, competitio
California, the maximum age is probably 2 or 3 years and parasitism play a role in determining populati(
(Moyle 1976, Wang 1986). size, but which factor has the greatest influence

unknown (Wootton 1976). The numberoflateral plat~
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Threespine stickleback continued

appears to be directly related to predation pressure Biol. 32:41-62.
(Morrow 1980). Population abundances are also
influenced by harsh environmental conditions during Foerster, R. E. 1968. The sockeye salmon. Fish. Res.
breeding and overwintering (Whoriskey et al. 1986). Board Can., Bull. No. 162, 422 p.
Spawners using brackish-water pools appear to suffer
greater egg cannibalism and bird predation than Garrison, K. J., and BI S. Miller. 1980. Review of the
freshwater spawners (Kedney et al. 1987). early life history of Puget Sound fishes. Fish. Res. Inst.,

Univ. Wash., Seattle, WA, 729 p. (FRI-UW-8216).
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Morone saxatilis
Adult

10 cm

Common Name: striped bass The San Francisco Bay striped bass fishery was one o
Scientific Name: Morone saxatilis the most important recreational fisheries on the Pacifi,
Other Common Names: striper, streaked bass, coast, with annual landings ranging from 107,000 t~
squidhound, rock, rock bass, rock fish, greenhead, 403,000 fish in 1978 and 1975, respectively (Whit~
linesider, roller (Gates and Frey 1974, Fay et al. 1983) 1986). The value of this fishery was estimated to b~
Classification (Robins etal. 1980) over $45 million (Meyer Resources 1985, cited b,
Phylum: Chordata Stevens et al. 1987). However, stock size has droppe~
Class: Osteichthyes dramatically; only slightly more than 72,000 were caugh
Order: Perciformes along the Pacific Coast in 1985 (National Marim
Family: Percichthyidae Fisheries Service 1986).

Value Indicatorof Environmental Stress;: It appears that certai~
Commercial: Smallnumbers (135 yearlings) of striped petrochemicals interact with other pollutant~
bass were introduced to California’s San Francisco (polychlorinated biphenyls and heavy metals) te
Bay in 1879, and 300 were released in 1882. In 1899, adversely affect striped bass populations in Sa~
560 t were landed in San Francisco Bay (Hassler Francisco Bay (Whipple1984). Highconcentrationsc
1988). Historically, this species was commercially organochlorines, metals, and petrochemicals have bee~

.caught on the Pacific coast in San Francisco Bay and found in striped bass tissues (Whipple et al. 1983)
Coos Bay, Oregon. Until 1915, the annual San Correlations exist between pollutants and parasit~
Francisco Baycatch usuallyexceeded454t;thereafter burdens, body condition, liver condition, and egg ane
only twice did harvest exceed this value (Smith and gonad conditions. Fish exposed to a chronic pollutan
Kato 1979). In 1935, commercial fishing for striped stress have significant reductions in reproductive
bass in the San Francisco Bay system was prohibited capacity, fecundity, and gametic viability (Whipple
because of demands by sport anglers (Smith and Kato 1984).
1979, .Stevens et al. 1987). Oregon has prohibited
commercial fishing for this species since1976 (Parks Ecologi¢~ll: In the estuaries where it occurs, M. saxatili.
1978). is one of the most important predators of estuarin~

fishes and invertebrates.
Recreational: The striped bass is an important sport
!ish from north/central California to southern Oregon. It Range
is highly sought because of its fighting ability, large Overall: On the Pacific coast, the striped bass is foun~
size, easy accessibility, and excellent taste. Most are from about 40 km south of California-Mexico border t~
taken by hook and line using artificial or natural baits. Barkley Sound, British Columbia (Miller and Lea 1972)
In the San Francisco Bay system, most sport fishing but is not common south of Monterey, California, o
took place in San Pablo Bay and the Delta, but now north of the Siuslaw River, Oregon (Parks 1978). O~
occurs in San Francisco Bay proper (Stevens 1977). theAtlanticcoast, itoccursfromtheSt.Lawrence Rive
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Striped bass continued

1964, Scott and Crossman 1973, Wang 1986). Larvae
Table 1. Relative abundance of striped bass are initially feeble swimmers- if they encounter still

in 32 U.S. Pacific coast estuaries, water they settle to the bottom and die (Skinner 1962).
Life Stage Postlarval stages ("fry") inhabit lower river channels

Estuary_    A S J L E and upper estuarine shallow-water bays and sloughs
Puget Sound i~i=i i~i:~i~:i~.~! ~:~ ::~:~ ....(Skinner 1962, Sasaki 1966a, Wang 1986). Juveniles,

::~:’:i:i:i iiiiii~iii:’:;:~i!iii!iiO Common the eggs and early larvae (Turner 1976). Juveniles and
w~,anaBay ~ R~re adults are anadromous and form small separate (by

Blank Not presentcolumbia Rivar size or age) schools or feeding groups (Raney 1952).
Nehalem Bay
TIIlarnook Bay Ufe stage: Habitat

A - Adults

AIsea River i!;.ili!i!i iii::::.il :::.’~:il.........
r E" Eg~s areas. Young-of-the-year also occur in these areas,

.... .:,,i~:iii::.i:i:i:~i:.i with many moving to more saline environments
s=us~aw River O O O~O O (mesohaline and polyhaline)in thefall (Calhoun 1953,
UmpquaRiver O O (::3= (:30 Sasaki 1966a). Juveniles may also move into riversCoos Bay O O O; O O upstream of estuaries (Turner 1972). Older juveniles

Rogue R=ver may be found in all estuarine areas, but appear to

Gent. San Fran. Bay * ~] O ~ (~] (~ O " Includes Central San                                                      .- F,an~o, su~o,. This area is often referred to as the "null zone" or
south S~n Fran. Bay ~ , O ,~s~ ~Uo~,~,. "critical zone". Adults are found in the lower estuaryEtkhorn Slough (polyhaline and euhaline waters) from late spring to

Morro Bay

sa, ta Mo,~ca Bay ~i~ii~i ~’ .............i i;~ ......... early fall, in the upper (mesohaline and oligohaline)
san Pedro Bay i=:ii!i~.ilii~i~!~i:i iiiiiii~i areas in late fall and winter, and in freshwater and
~am=tosBay iiii!!!!iiiiii!i~.i:~;:; oligohaline areas during spawning. Temperature

::~::~:’ i!i!iiii!i~ii!iiii::i appears to be an important determinant of the estuarine
Newport Bay

Mission Bay "~/ 1987).

Substrate: Eggs and larvae are swept over various
sediments. Juveniles appear to prefer clean sandyA S J L E bottoms, but have been fsund over gravel beaches,
rock, mud, and mixed sand and silt bottoms (Setzler et

down to the St. Johns River, Florida, and into streams al. 1980). Adults and subadults are also found over
thatflowintotheGulfofMexicofromFIoridatoLouisiana various substrates, such as sandy beaches, rocky

. (Moyle 1976). Stocking into reservoirs has established shores, and mussel beds (Setzler et al. 1980).
some self-sustaining freshwater populations (Moyle
1976). Physical/Chemical Characteristics;: Striped bass eggs

are found in fresh water to 11%o salinity (Rulifson et al.
_Within Study Area: M. saxatilis was introduced to the 1982). Optimum salinities for egg survival are 1.5-
Sacramento-San Joaquin River system during the 3.0%o (Mansueti 1958, cited by Fay et al. 1983). Eggs
1870s. It is found mainly in estuaries from San Francisco can withstand temperatures of 12-24°C (Fay et al.
Bay north to the Siuslaw River (Table l ) (Monaco et al. 1983), with the optimum being 18°C (Morgan etal.
1990). It hasbeenstockedinsomesouthernCalifornia 1981). Larvae tolerate temperatures of 10-25°C, but
bays, but these populations are not self-sustaining optimal temperatures for survival are 15-22°C (Fay et
(Horn et al. 1984). al. 1983). Preferred temperatures change as the fish

grow older (Coutant 1986). Adults can withstand
Life Mode                                     temperatures as high as 35°C, but become stressed at
Eggs are non-adhesive, slightly heavier than fresh temperaturesab.ove25°C(Moyle1976). Theytolerate
water, and are swept along with currents (Albrecht temperatures of 0-32°C, but prefer 20-24°C (Fay et al.
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Striped bass continued

1983, Coutant 1986). Adults can also withstand low after eggs are extruded from the female. High
dissolved oxygen (4.0 ppm) and high turbidity, but this concentrations of total dissolved solids (>180 ppm)
will inhibit reproduction --.(Moyle 1976). Optimum may block spawning migrations (Farley 1966, Radtke
spawningtemperaturesare15.6-20.0°C, with spawning 1966). Cooler water temperatures in spring allow
ceasing at 21.1°C (Moyle 1976). Dissolved oxygen striped bass to move further upriver to spawn (Farley
levels below 4.0 ppm with temperatures of 22.2°C 1966). Successfulspawning requires thefollowing: 1)
reduced egg survival by more than 50% (Turner and a large river, 2) water velocities sufficient to keep eggs
Farley 1971). Low oxygen levels (2.0-3.5 ppm) may andlarvaesuspendedoffthebottombutnotsofastthat
have eliminated some spawning areas in the Delaware it washes them to calm waters before the larvae can
River, New Jersey (Setzler et al. 1980). swim, and 3) an estuary where young can feed and

grow (Moyle 1976). Striped bass have a tendency to
Migrations and Movements: Atlantic population returntothesamespawningareaeachyear(Chadwick
prespawners may travel long distances upriver in fresh 1967).
water (Scott and Crossman 1973), however Pacific
populations do not. Unlike some eastcoast populations Fecundity: Fecundity depends on the age and size of
that make extensive coastal migrations, Sacramento- the female. In San Francisco Bay, mean fecundity
San Joaquin River populations and other Pacific coast ranges from 243,000 (for 4 year-olds) to 1,427,000 for
populationsappeartospendmostoftheirlivesinbays 8 year-olds and older (Stevens et al. 1985). Up to
and estuaries. This be related to the cool oceanic 5,300,000 be produced by large femalesmay eggs may very
temperatures found off the Pacific coast (Radovich (Skinner 1962, Wang 1986).
1963). San Francisco Bay adults move into bays
(some into the Delta) in the fall, overwinter in the Bay Growth and Development
and Delta, and then after spawning in spring, move Egg Size and Embry. onic Develo~)ment: Eggs are 3.3-
back to salt water (Calhoun 1952, Moyle 1976). Eggs 4.2 mm in diameter, averaging 3.3 mm in California
and larvae are transported downstream by river flow populations (Woodhul11947, Doroshev 1970). Eggs
into lower river and estuarine areas or may stay in the are spherical, nonadhesive, slightly heavier than fresh
general spawning area if this is an area where outflow water, and nearly transparent when developing (Wang
is balanced by tidal currents (Moyle 1976). Larvae 1986). Embryonicdevelopmentisindirectandexternal.
school within 4 or 5 days of hatching and are found Eggs hatch in about 1.5-3.5 days (temperature
primarily in shallow water shore zones of fresh and dependent), 2 "days at optimum temperatures (16-
brackish waters (Rulifson et al. 1982). Although there 19°C)(Doroshev1970). Hatching times range from 48
is some straying, each Pacific coast river system hours (at17.8-19.4°C) to 70-74 hours (at14.4-15.6°C)
appears to have a distinct stock (MCGie and Mullen (Scott and Crossman 1973).
1979).

Age and Size of Larvae: Larvae are 2.0-3.7 mm total
Reproduction length (TL) at hatching, averaging 2.9-5.0 mm TL on
Mode: The striped bass is gonochoristic (occasionally the Pacific coast (Wang 1986). Absorption of the yolk
hermaphroditic), polygamous, and oviparous; eggs sac is highly variable and dependent on temperature;
are fertilized externally. It is iteroparous, but mature from 3 days at 24°C to 9 days at 12°C (Setzler et al.
femalesmaynotspawneveryyear(Raney1952,Scott 1980). Development from the finfold stage
and Crossman 1973). (metamorphose) to juvenile varies with temperature,

reportedly taking 23 days at 24°C to 68 days at 15°C
Mating/Spawning: Spawning occurs in riverine (Rogers et al. 1977, cited by Hassler 1988). Final
(freshwater) or slightly brackish waters in the upper length of larvae before the development of the second
portions of estuaries (Hart 1973). In California, slSawning dorsal fin ranges from 25.0 to 36.0 mm (Hardy 1978).
begins in April, and peaks in May and early June,
depending on temperature, river flow, and salinity Juvenile Size Range: Juveniles are typically 2-3 cm
(Turner 1972, 1976). Striped bass are mass spawners, fork length (FL) in their first year, 23-35 cm FL in their
Ddring spawning runs they will gather close to shore second, 38-39 cm FL in their third, and 48-50 cm FL in
with groups (5-30 fish) breaking off to spawn in the their fourth year. Thereafter, growth is only 1-3 cm/
main river channel. Actual spawning occurs near the year (Moyle 1976). Striped bass in Oregon tend to
surface, with individuals frequently turning on their grow larger than California stocks (McGieand Mullen
sides and splashing at the surface (Woodhul11947, 1979).
Moyle 1976). Spawning activity usually peaks during
late afternoon or early evening (Moyle 1976). AgeandSizeofAdults:Somemalesmaymatureatthe
Fertilizationisexterrta!,andmustoccurwithinonehour end of their first year, but most mature during their
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Striped bass continued

second and third year; all are mature by the fifth year system indicates that production of young bass has
(Moyle 1976). Most females mature during theirfourth been exceptionally low since 1977 (even considering
or fifth year (87%) and all are mature by their seventh riverflows). Reasons forthis decline include increased
(Hart 1973; Moyle 1976). At first spawning, males adult mortality, inadequate egg production, reduced
average 25 cm FL, while females average 45 cm FL. plankton food for young striped bass as a result of
The maximum size is 122 cm long and 41 kg, but fish water diversions, large numbers of eggs and young
in Pacific populations are usually less than 4.5 kg bass being entrained by freshwater diversions, and
(Eschmeyer et al. 1983). The maximum age of the high levels of contaminants (Stevens et al. 1985,
striped bass is >30 and these are usually females California Department of Fish and Game 1987). Adultyr,
(Moyle 1976). mortality may also be increasing because changes in

water flow have "squeezed" (i.e., limited its preferred
Food and Feeding habitat) this species between its thermal and dissolved
Tr0phic~ Mode: Striped bass larvae are pelagic oxygen preferences or requirements (Coutant 1~985,
carnivores. Juveniles and adults are opportunistic, 1986,1987). AnoveralldecreaseintheSanFrancisco
top-level epibenthic and pelagic carnivores that feed Bay population appears to be due to the interactive
on invertebrates and fish (depending on the striped effects of reduced freshwater flows, increased
bass’ size and food availability) (Moyle 1976). They freshwater diversions, decreased bay flushing, and
are reported to not feed continuously, but gorge increased body burdens of pollutants which have
themselves and then wait until digestion is complete reduced egg production and egg and larval survival
(Scott and Crossman 1973). Theyfeed most intensively (Setzler-Hamilton et al. 1988). High rates of infestation
from after spawning (spring) through October. by ectoparasites (e.g., Nerocila californiensis) in some

bays may be detrimental (Horn et al. 1984). Successful
Food Items: On the Pacific coast, the food habits of reproduction in Oregon appears to depend on optimal
striped bass in the Sacramento-San Joaquin Delta conditionsoftemperature and riverflow, often resulting
have been well-studied. Large juveniles and adults in the striped bass population being dominated by one
feed on fishes and large invertebrates such as Crangon year-class (McGie and Mullen 1979).
spp., while smaller juveniles are primarily invertebrate
feeders; Neomysis mercedis, Corophium spp., Crangon References
spp., copepods, and cladocera, are primary prey
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Paralabrax clathratus
Adult

10 cm

Common Name: kelp bass Industrial and domestic wastes are released in large
Scientific Name: Paralabrax clathratus quantities near some kelp bass habitat, but the effects
Other Common Names: California kelp I~ass, rock of these pollutants on kelp bass survival is unclear.
bass, sand bass, cabrilla, calico bass, bull bass, kelp.
salmon, Iockee cod (Gates and Frey 1974) . .Ecological: It is an abundant top-level predator in kelp
Classification (Robins et al. 1980) beds off southern California, with juveniles and small
Phylum:Chordata adults often abundant in the surf zone (but not
Class: Osteichthyes intertidally) (Quast 1968a).
Order: Perciformes
Family: Serranidae Range

Overall: The kelp bass’ overall range is from Magdalena
Value Bay, Baja California (including Guadalupe Island,
Commercial: Since 1953, it has been illegal to sell kelp Mexico) to the Columbia River (Miller and Lea 1972).
bass harvested in California waters. A limited
Commercial catch may occur in Mexican waters (Frey Within Study Area: This species is commonly found
1971 ). south of Point Conception, but is rare in shallow water

bays and lagoons such as Newport Bay (Bane 1968),
Recreational: The kelp bass is an important sport fish Anaheim Bay, Alamitos Bay, and San Diego Bay
in southern California, prized for its excellent taste, (Table 1). Juveniles can be common at times in
good fighting ability, year-round availability, and Mission Bay, California (Noah 1985). It is abundant in
relatively high abundance. It is caught from about Santa Monica and San Pedro Bays, California (Quast
TomalesBay, California, to central Baja California, but 1968a, Carlisle 1969, Fay et al. 1978), and may be
most effort occurs from Point Conception south to San found, in developed areas (e.g., marinas and harbors)
Diego, California. Over 2.5 million were captured in (Horn and AIlen1981, StephensandZerba1981,Allen
1985, the second highest catch of recreational fish in et al. 1983).
southern California (U.S. Department of Commerce

", 1986). It is usually caught by party and private boats Life Mode
fishing over kelp beds and trolling with bait. Some are Eggs and larvae are pelagic, while juveniles and adults
also caught by spearfishing and shore and pier are benthopelagic(Young 1963, Quast 1968a, Feder
fishermen using hook and line (Young 1963, Quast et al. 1974).
1968a, Frey 1971).

Habitat
Indicator of Environmental Stress: This species is T.~: Eggs andlarvae are neritic-epipelagic and occur
dependent on healthy kelp beds. Temperatures above near the surface. Juveniles are distributed from the
24°C (e.g., waste discharges from metropolitan centers) surf zone out to depths of 30 m, but occur primarily

~i i appear to be detrimental to kelp beds (Quast 1968b). inshore at depths of 8-20 m (Quast 1968a, Feder et al.
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Kelp bass continued

adults often live in deep rocky areas containing little or
Table 1. Relative abundance of kelp bass in no algae (Feder et al. 1974).

32 U.S. Pacific coast estuaries.

Life Stage physical/Chemical Characteristics: A euhaline species,
Estuary___ A S J L E it is primarily found in wat.ers of 33.5-34.5%° and
Puget Sound :ii!iil;:iil ;.~;;::~i[i ::,~:i:i:: ~:,’,i.i~i temperatures of 13-28°C (Quast 1968c, M BC AppliedRelative abundance:

Hood Canal iiii!ii! i:.i!ili;il i!iiiiill :ii!iiii¯ Highly abundant Environmental Sciences 1987). This species will avoid
8kagit Bay ii!;!’.:;illi. iil; ::.!i:ii:.iii~] Abundant areas with high turbidity (Quast 1968a).

RareWillapa Bay Migrations and Movements: No migrations are known
Columbia River

Blank Not present to occur. Adult home ranges appearto be up to 40 ha,
Nehalem B~y depending on habitat structure (Quast 1968a). Very

TitlamookBay Ufestage: few kelp bass will move more than 16 km (Young
Netarts Bay :!i::::.ii:! ii:~ii: ::i:.i!!i:i:: ": ...............A - Adults::’ ~:: .... 1963). As adult kelp bass are harvested from areas... :.:.1. +....~:,: ,:,.:~.,....:.: S - Spawning adults
Siletz River :!:ii;ii ;!i!!;iil i,i!;;;i i.iiiii J -Juveniles with good habitat, bass from adjacent areas will move
Yaquina Bay ii::,ii:i:.::i !::::,::ii!! :;!:.i;ii!iii:.i:;:::!iiL- Larvaa in to replace them (Quast 1968a).

Siuslaw River Reproduction
um~qua River Mode: The kelp bass is gonochoristic, oviparous, and

coos Bay iteroparous. It is a broadcast spawner; eggs are
Rogue River fertilized externally (Quast 1968a, Feder et al. 1974).

Humboldt Bay
.!ii!!i!;

Mating/Spawning: Spawning takes place in relatively
Eel River i!:: i::::::i= ill:if!if: !:.i:::.;::i deep water (to 46 m) over rough bottom in or near kelp.Tomales Bay :!i:;.:,::il; :ii:;i’.::=,:: !!iiii!!:l::!!::i.:.i;il iiii:.i:i:,!

Spawning occurs from April to November, probably
Cent. San Fran. Bay * * Includes CentraJ San

Francisco. Suist~n. peaking during June and July (Quast 1968a, FreySouth San Fran. Bay and Sa, P~b~o ~y,. 1971, Feder et al. 1974). Successful spawning probably
EIkhom Slough only occurs from Point Conception to Magdalena Bay,Morro Bay Baja California (Quast 1968a). Larger individuals

Santa Monica Bay i:,~ :~ :i~i i!i~i :l~~i
mature earlier and remain reproductively active longer.8ar~ Pedro Bay

.............. Hundreds of kelp bass may aggregate in a small area
Anaheim my i;Yii ::::i!i!:~iiliqi~ ::;:::l;~::i;i:i; during spawning (Feder et al. 1974). Males often

Newport Bay "~/ ".~ ..... :" develop a yellow color ontheir snout during the breeding
M*ss=on Bay O O O season (Quast 1968a).

San Diego Bay

TljuanaEstuary ~/ ~t Fecundity: Batch fecundity is 12,600 eggs for small

A S J L E females and >50,000 for largerfish (DeMartini 1987).

Growth and Development
1974) Adultsarefoundfromthesurfzoneouttodepths Egg Size and Embryonic Development: Eggs are
of 183 m, but are most common between 2 and 21 m spherical and range from 0.94-0.97 mm in diameter
depths (Quast 1968a, Feder et al. 1974). Juveniles (Butleretal. 1982). Embryonicdevelopmentisindirect
and adults can be found throughout the water column and external. At 19°C, eggs hatch in 36.0-40.5 hours.
depending on habitat complexity (Quast 1968a). This
species is considered a kelp bed "cosmopolite", Age and Size of Larvae: Larvallengths range from 2.2-
occurring throughout the water column (Larson and 16.5 mm (Butler et al. 1982). Yolk-sac absorption
DeMartini 1984). takes about 5 days at 19°C. At 21 °C, larvae transform

to juveniles 28 days after hatching (Butler et al. 1982).
Substrate:Eggsandlarvaearenotsubstratedependent. Yolk-sac larvae of three Paralabrax species are
Juveniles are found among inshore seaweeds such as indistinguishable (Butler et al. 1982).
eelgrass (Zostera spp.), as well as in clumps of feather
boa kelp, in the kelp canopy, algae holdfast regions, Juvenile Size Range: Juveniles range in size from 1.6-
andinrocky areasbelowkelpbeds(Federetal. 1974). 35.0 cm (Quast 1968a, Butler et al. 1982), and are
Adults also prefer areas containing habitat relief. This about 10 cm after I year.
relief can be kelp beds or rocky bottoms, including
submarine canyons and cliffs (Quast 1968a). Larger
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Kelp bass continued

Age and Size of Adults: Some may mature in.2 or 3 intense sport fishing may have a detrimental effect on
years at 18 cm, with most males maturing at 25 cm, and populations. Recreational landings decreased from
females at 35 cm in length (Quast 1968a, Frey 1971, 1981 to 1984, but whether this was a result of reduced
Feder et al. 1974). The kelp bass is a relatively slow- population sizes, reduced fishing effort, or related to El
growing fish; a 31 cm long fish may be 4-6 years old. NiSois unclear (MBC Applied EnvironmentalSciences
Maximum age may be 31 years,.and maximum size is 1987). Isolated populations do not appear to be
reportedly 72 cm and 6.6 kg (Young 1963, Eschmeyer genetically different (Beckwitt 1983).
et al. 1983).
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Paralabrax nebufifer
Adult

10 cm

Common Name: barred sand bass human populations (Valentine et al. 1973).
Scientific Name: Paralabrax nebulifer
Other Common Names: California rock bass, rock ~: This is an important fish in California" reef
bass, Johnny verde, kelp bass, sand bass, ground communities. The greatest abundance of adults
bass, sugar bass, cabrilla, California sand bass (Gates appears to be near "edge" habitats where rocky and
and Frey 1974) sandy areas meet (Quast 1968).
Classification (Robins et al. 1980)
Phylum: Chordata Range
Class: Osteichthyes Overall: The barred sand bass’ overall range is from
Order: Perciformes Magdelana Bay, Baja California, to Santa Cruz,
Family: Serranidae California (including Guadalupe Island) (Miller and Lea

1972). It is not common north of Pt. Conception,
Value California, but is occasionally taken in Monterey Bay,
Commercial: No commercial fishery exists in the United California (Roede11953).
States for the barred sand bass, but this species is
harvested in Mexico (Frey 1971). .Wi|hi~ Study Area: This species is found in all bays and

estuaries from the Tijuana Estuary to Santa Monica
Recreational: The barred sand bass is an important Bay, California (Table 1) (Monaco et a!. 1990).
sport fish in southern California. It is highly sought after
because of its good taste, fighting ability, availability, Life Mode
and relatively high abundance. It is often captured with Eggs and larvae are pelagic, while juveniles and adults
the kelp bass (Paralabrax clathratus) and regularly are benthopelagic. Adults usually remain within a few

,.. seenbyskindivers, snorkelers, andglass-bottom-boat meters over the substrate. (Feder et al. 1974). This
’~, sightseers (Frey 1971). It is usually caught by species is more bottom-oriented than kelp bass.
~ spearfishing and by shore and pier fishermen using

hook and line. Over 1.7 million barred sand bass were Habitat
captured in 1985 (U.S. Department of Commerce .T..vP~: The barred sand bass inhabits shallow neritic
1986). environments down to depths of 183 m (Miller and Lea

1972). Adults and subadults are most numerous
Indicator of Environmental Stress: Industrial and between depths of 5.2 and 26 m (Feder et al. 1974). It
domestic wastes may be affecting barred sand bass is common over nearshore sandy flats, near kelp beds,
habitat, but adverse effects have not been documented, rocky areas, and bays (Squire and Smith 1977.), and
However, a morphological anomaly (bilateral can be the dominant fish on rocky reefs (Turner et al.
asymmetry) has become more prevalent in fish from 1969). Small, immature sand bass prefer sheltered
southernCaliforniapopulations. Thisconditionmaybe bays or harbors, especia!ly around breakwaters.
a result of sublethal pollution effects re!atedto increasing Juveniles are often found in mouths of bays in eelgrass
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Barred sand bass continued

euhaline species. It may be more sensitive to cool
Table 1. Relative abundance of barred sand water temperatures than the kelp bass (Frey 1971).

bass in 32 U.S. Pacific coast estuaries.
UfeStage Migrations and Movements: The barred sand bass

A S J L E moves to sandy flat bottoms to spawn, and then back
ii:~i!i!i.,iiiiiiiiii~iiii:~:ii::i,li!~;iiiiii,:i~::~i:~iiii~iRelative abundance: to rocky reefs (Turner et al, 1969). Like the kelp bass,

Hood Canal iiii!iiii!"::iiiiiiiiilIiiiiiiiiiii::.i:i;iiiiiiil.i!;iiiiiiii~;¯ Highly abundant it al~pears to be nonmigratory (Turner et al. 1969). The
Skagit Bay iiiiiiii iiiiiiiiii ii.i::iiiiii iiiiiiiili iiiiiiiiiiI~) Abundant barred sand bass seeks cover in caves and holes if

Grays Harbor iii::iiii iiiiiiiiiiliiiiii:ii:.,i~ii!iiiiiii iiiii!:iiiiO Common frightened (Feder et al. 1974) and may feed actively at
w~a Bay -~ R~ra night. ’

Blank Not present
Columbia River

Nehalem Bay Reproduction
Ti!lamook Bay Life stage: Mode: This species is gonochoristic, oviparous, and

NetartsBay !ii::ii!::.iliiiiiiiiii::i::iii::i,iiii::i::i::: ::i::i::i::iii A-Adults iteroparous. It is a broadcast spawner; eggs are::::::::" :::::::::::::::::::::’:::::::::: ::;::::::S - Spawning adults
Siletz River i:ii:!!!i!.!ii:ii:!ii![i!i!i!ii:ii:,i!ii!i!:ii:ii,li!~j, Juveniles fertilized externally (Feder et al. 1974).

Alsea River iiiiii!ii:iii:’.;;i:~ {iii:;iiiii iiiiiii::i: ; i i i i:E - Eggs
.......................... Mating/Spawning: Spawning occurs from April to fall.

Siuslaw River This species forms spawning "schools" over sandy flat
umpqua River bottoms (Frey 1971). The age, size, and frequency of

coos Bay adult spawning is not documented.
Rogue

K,ama  R,ver iiii;,;::iili,,iii,,iiiiiliii;,:i,,iiil,:iii,,ili:4: i:;i;;, ;  ;Fecundity: Batch fecundity ral]ges from approximately
Humboldt Bay .........!:!.;!:i ~ ~ i~::~i~i~i~ 12,000 eggs for a 447 g female to >185,000 eggs for a

Ee~a=ver i~i~iiiiil!i:,~iiiiii~:I~i~:iiiii!i’i!ii~:::;i=~i’i;!!i!i:,ii2,625g fish (DeMartini 1987).
* Inciude~ Central SanCont. San Fran. Francisco, Suisun, Growth and Development

South San Fran. Bay . a,~ S~ P~o b~s. Egg Size and Emb~onic Development: Eggs are 0.94-EIkhom Slough 0.97 mm in diameter and indistinguishable from kelpMorro Bay
bass eggs (Butler et al. 1982). Embryonic developmentSanta Monlca Bay ~ ii~ i;~ ~!~i
is indirect and external. Eggs hatch in 36.0-40.5 h at

Anaheim Bay ~::iiiiiiiiiii~"~::il;iiiiiii!iiiiiiiiiiilI Aae and Size of Larvae: Yolk-sac larvae are notNewport Bay O O -
Mission (~ ~ O distinguishable from P. clathratus or P.

Ban o~ogo Bay0 ¯ 0 maculotofasciatus (Butler et al. 1982). Larvae range
T~;uana .~ ,/ in length from 2.2-11.0 mm (Butler et al. 1982). Larval

A S J L E development is probably the same as P. clathratus-.
larval yolk-sac is absorbed in 5 days (at 19°C), and
larval transformation occurs when they are 11 mm long

Zostera spp.) beds du ring fall and winter (Feder et al. (Butler et al. 1982).
1974). It is the most common trawl-caught fish in
Mission Bay (Noah 1985), and is also common in San ,Juvenile Size Range: Minimum juvenile size is 12 ram.
Diego Bay (Lockheed Ocean Science Laboratories
1983), and lower Newport Bay, California (Allen 1976). Age and Size of Adults: Age and size when mature is
Bays and estuaries appear to play an important role in not known. This species reaches a maximum length of
this species early life history (Kramer and Hunter 65 cm (Millerand Lea1972) and probably lives as long
1987). as the kelp bass (31 years). A 20 year-old fish was 63

cm (Turner et al. 1969).
Substrate: Preferred substrates range from sandy-
bottom flats to rocky areas and kelp beds. Spawning Food and Feeding
occurs over flat sandy bottoms (Turner et al. 1969). Tro_~hic Mode: Larvae, juveniles, and adults are
Young juveniles are often found in and near eelgrass carnivorous.
beds (Feder et al. 1974).

Food Items: Larvae probably feed on small pelagic
Physical/Chemical Characteristics: No information is crustaceans and other plankton once their yolk sac is
available, but the barred sand bass is probably a depleted. Small sand bass prefer a variety of
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Barred sand bass continued

crustaceans (shrimp, amphipods, crabs), molluscs Gates, D. E., and H. W. Frey. 1974. Designated
(octopus, squid), polychaetes, ophiuroids, and fish common names of certain marine organisms of
(engraulidsandembiotocT’ds) (Federetal. 1974). Crabs California. Calif. Fish Game, Fish Bull. 161:55-90.
eaten are primarily spider and cancroid types (Quast
1968). Large bass preferfish such as northern anchovy Kramer, S. H., and J. R. Hunter~ 1987. Southern
(Engraulis mordax) (Frey 1971) and other perciform California wetland/shallow water habitat investigation.
fishes (Artedius spp., and Runula spp.) (Quast 1968). Ann. Rep., Nat. Mar. Fish. Sew., La Jolla, CA, 12 p.

Bio~ogicallnteractions Lockheed Ocean Science Laboratories. 1983.
Predation: The barred sand bass is probably Distribution and abundance of fishes in central San
cannibalistic and may have similar predators as kelp Diego Bay, California: a study of fish habitat utilization.
bass [e.g., giant sea bass (Stereolepis gigas) and Rep. to Dept. of Navy, Contract No. N62474-82-C-
broomtail grouper (Mycteroperca xenarcha)]. Large 1068, San Diego, CA, 38 p. plus appendices.,
barred sand bass probably have few predators except
man. Miller, D. J., and R. N. Lea. 1972. Guidetothecoastal

marine fishes of California. Calif. Fish Game, Fish Bull.
Factors Influencing Po~)ulations: Barred sand bass 157, 235 p.
and kelp bass are often found in the same habitat, but
prefer sandy-rocky areas more than the kelp beds that Monaco, M. E., R. L. Emmett, S. A. Hinton, and D. M.
the kelp bass prefers. As such, the barred sand bass Nelson. 1990. Distribution and abundance of fishes
is more abundant on manmade reefs (Turner et al. and invertebrates in west coast estuaries, Volume I:
1969). Large numbers of barred sand bass have data summaries. ELMRReP.No.4.StrategicAssess-
apparently only been in southern California waters ment Branch, NOS/NOAA, Rockville, MD,
since 1957. Before this period, sand bass were 240 p.
insignificant in the sport catch. Its higher abundance
nowmayrelatetoincreasedcoastalwatertemperatures Noah, M. D. 1985. AppendixA. Structure, abundance
(Frey 1971). Because of its slow growth and and distribution of the fish and macroinvertebrate
nonmigratory behavior, intense sport fishing may have communities inhabiting Mission Bay, California between
a detrimental effect on the abundance of this species. November 1979 and February 1981. In E. A. Weirich,

M. D. Noah, and S. J. Schwarz (preparers), San Diego
References River and Mission Bay improvements, Draft suppl.

environ, assess., 37 p. plus appendices, U.S. Army
Alien, L. G. 1976. Abundance, diversity, seasonality Corps Eng., Los Angeles, CA.
and community structure of the fish populations of
Newport Bay, California. M.A. Thesis, Calif. State Quast, J. C. 1968. Observations on the food of the
Univ., Fullerton, CA, 107 p. kelp-bed fishes. In W. J. North, and C. L. Hubbs

(editors), Utilization of kelp-bed resources in southern
Butler, J. L., H. G. Moser, G. S. Hageman, and L.E. California. Calif. Fish Game, Fish Bull. 139:109-142.
Nordgren. 1982. Developmental stages of three
California sea bass (Paralabrax, Pisces, Serranidae). Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
Calif. Coop. Ocean. Fish. Invest. Rep. 23:252-268. E.A. Lachner, R. N. Lea, and W. B. Scott. 1980. A list

of common and scientific names of fishes from the
DeMartini, E. E. 1987. Tests of ovary subsampling United States and Canada. Am. Fish. Soc. Spec. Publ.
options and preliminary estimates of batch fecundity No. 12, Am. Fish. Soc., Bethesda, M D, 174 p.
for two Para[abraxspecies. Calif. Coop. Ocean. Fish.
Invest. Rep. 28:168-170. Roedel, P. M. 1953. Common ocean fishes of the

California Coast. Calif. Fish Game, Fish Bull. 91,
Feder, H. M., C. H. Turner, and C. Limbaugh. 1974. 184 p.
Observations on fishes associated with kelp beds in
southern California. Calif. Fish Game, FishBull. 160:1~ Squire, J.L.Jr.,andS. E.Smith. 1977. Anglers’guide
144. to the United States Pacific coast. Marine fish, fishing

grounds and facilities. NOAA, U.S. Dept. Comm.,
Frey, H.W.. 1971. California’s living marine resources Seattle, WA, 139 p.
and their utilization. Calif. Dept. Fish Game,
Sacramento, CA, 148 p.
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Atractoscion nobilis
Adult

25 cm

Common Name: white seabass allowed in these waters since then (Vojkovich an,
Scientific Name: Atractoscion nobilis Reed 1983).
Other Common Names: California white fish, sea
trout, weakfish, king croaker, white croaker (Gates and Recreational: In California, there is a limit of 3 fish p~
Frey 1974) day per person and fish must be >71 cm in lengt
Classification (Robins et al. 1980) (Vojkovich and Reed 1983). The white seabass ha
Phylum: Chordata been caught by hook and line (using live bait or lure~
Class: Osteichthyes from piers, jetties, and private and party boats for th
Order: Perciformes past 100 years (Frey 1971, Vojkovich and Reed 1983
Family: Sciaenidae Some are also taken by skindivers. This is a prize

sport fish because it is excellent eating, difficult t
Value                                     capture, and may reach trophy size (Frey 1971)~ Th
Commercial:Thewhiteseabassiscommerciallyfished sport catch peaked in 1949 (64,000 fish) and h~
in California and Mexico (Frey 1971 ). The commercial declined since (Vojkovich and Reed 1983). Many ~
season in California is closed from March 14- May 16 the white seabass hooked by sportsmen are belo
(during part of the spawning period). Legally, fish must legalsize, butkeptbecausefishermancannotsepara"
be at least 71 cm in length (Schuitze 1986). This them from other croakers (or they are ignorant of tt
species was historically caught by lampera, purse regulations) (Vojkovich and Reed 1983). Historicall
seine, hook and line, and drift and set gill nets (Frey coastal Native Americans used white seabass otolitl
1971). Now it is almost exclusively captured by set gill as jewelry (Fitch and Lavenberg 1971).
nets. Gill net mesh sizes must be 8.9 cm or larger
(Schultze 1986). Set nets are typically set near rocky Indicator of Environmental Stress: Larvae and sm;
headlands. From 1957to 1961, much of the California juveniles appear to heavily utilize nearshore are~
catch occurred north of Point Conception, apparently Therefore, human-caused environmental degradati~
reflecting a pedod of warmer ocean temperatures, may be affecting recruitment (Vojkovich and Re~
After ocean temperatures returned to normal, catch 1983). Juveniles may be easily affected by industr
levels dropped in this region, and have remained low and domestic pollution (Fitch and Lavenberg 197
(<1% of U.S. catch) (Vojkovich and Reed 1983). . This pollution can cause hemorrhages of the ey~
Although landings have fluctuated widely, they have blindness, and perhaps stimulate increased rates

markedly since 1971 (Vojkovich and Reed parasitism by external parasites (Fitch 1958).
The five-year average from 1980 to 1984 was

~landed. However, in 1985, only 56 t of white ~7,.~: The white seabass is a major predator
~s were landed, but it was worth $241,000 southern California nearshore waters. Fossil otolil

~Marine Fisheries Service 1986). Prior to have been found in California marine .Pleistoce
~.~      ~t of the U.S. catch (80%) was taken in deposits that are 10-12 million years old (Fitch a

. ~_rs, but fishing by U.S. boats has not been Lavenberg 1971 ).
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White seabass continued

appears to have been once common in Newport Bay,
Table 1. Relative abundance of white seabass California (Skogsberg 1939).

in 32 U.S. Pacific coast estuaries.
Life Stage Life Mode

Estuary A S J L E Eggs, larvae, juveniles and adults are all pelagic.
Puget Sound iiiii:iiiii iiii i: ii i! i! iiiiiiiiiiii iii:iiiiiiiiii:ii !iiiiiiiiiRelative abundance: Juveniles may utilize the kelp canopy for cover (Feder
HoodCanal :i{;i!i!iiiiiiiiiiiiiiiiiii!;:i~ioiiiiiiii::i.:.i:!iiiiiii¯ Hlghlyabundant et al. 1974). Adults may form loose schools (Fitch
Skag,, Bay ii~il ii}iiiiilil, iiii!}ilil }i}i}i}ii i}iiii!}il® ~un,~n, 1958, Feder et al. 1974).

Witlapa Bay ~/ Rare Habitat
Blank Not presentColumbia River ~..~: Newly-metamorphosed white seabass occur in

aehalem Bay open coastal waters just outside the breaker line (Kramer
TlllamookBay Life stage: and Hunter 1988). This habitat is often less than 8 m

Netarts Bay !i:ii!i!!}!:iii i!i!:i!!!i!ii! !iiiiiiiii}!!i !i!:i}i!iiil !iiii;iiiilA-Adu,s deep. Juveniles and adults occur from the surface to
S = Spawning adults

s=letz Rivsr !}i:~i~iii i}}~}ii~i! ilili~ii;~ iiiii~i}~’i~i~i}!i~J-Juven,es depths of 122 m, with adults primarily found from 3-46
Yaqu=na Bay ii~i !{!!!iiiiiii ii{!;i{~ii ii{i{iiiii !iiiiiiiiiL- L~rvae m (Fitch and Lavenberg 1971 ). Very small fish are

found in bays and shallow nearshore waters near the
siuslaw River SUrf zone, mid-sized fish are found in the mainland kelp

umpqua Rivor beds close to shore, and larger fish are often caught
coos Bay ~’ near rocky headlands and offshore islands (Frey 1971 ).

Rogue River

K,a~a,~ River i:~}i::i~:~i~ ii~:~ii~:i~:i i!}~{~:~ii~ ~:~i~i}:~!~! ~:i~:::iii:~i~:Substrate: It is most often found over sandy bottoms or
Hu,~bo~dt Bay ~!~i~i.,.}!!i~i~iii,.~.!~!i’~:i!i:~::!~:ii~:i~:i~:~:~!ialong the edges of kelp beds (Squire and Smith 1977).

Schools can be found over rocky bottoms and among
Tornales Bay ii!i~i iiiiiiiiii ii,~ii iiiiiii!ii !iii{iii{il                 giant kelp just below the canopy (Feder et al. 1974).

Cent. San Fran. Bay * "~/     ~/          Includes Central San
Francisco, Sutsun,South San F,~. Bay ~/ ~/ =~ s~, P,~,o~. Physical/Chemical Characteristics: White seabass

E=~oms~ough occur in waters with salinities of 32-34%0 and
Morro Bay . temperatures of 13-30°C (Vojkovich and Reed 1983).

Ba,,a Mon=c,~ Bay ii~ i~i i~! i!i~il i!~ Larvae have been successfully reared at temperatures
San Peero Bay ii~ ~i i~i i!i~i !::~ of 18.7-21.7°C (Moser etal. 1983).

~e{m Bay i ~ :: iiiiiii{ii iii~i:~ ;iiiiiii!:~’iiiii;iiii Migrations and Movements: Some data indicate that
No,part Bay ~/ they migrate north in the spring and southward in the
Mission Bay Y fall, wintering off Baja California. This migration appears

San Diego Bay ~/! "~/ to correlate with spawning (Frey 1971). This species
T=jua,a Es,ua~ ~/ may feed more actively at night than day (Skogsberg

A S J L E 1939, Fitch and Lavenberg1971)

Range Reproduction
Overall: This species has been recorded in coastal Mode: The white seabass is gonochoristic, oviparous,
waters from MagdalenaBay, BajaCaliforniato Juneau, and iteroparous; eggs are fertilized externally.
Alaska. There is also an isolated population occurring
in the northern section of the Gulf of California (Frey I~.lating/Spawnino: Spawning occurs from March to
1971, Miller and Lea 1972). It is most abundant August, peaking from April to June (Thomas 1968,
between Point Conception and Ballenas Bay, Baja Frey 1971, Vojkovich and Reed 1983). During the
California (Frey 1971), but this range shifts with water spawning period, spawners appear to congregate
temperature fluctuations (Skogsberg 1939, Thomas nearshore in certain areas (e.g., Long Point and Palos
1968, Frey 1971). Verdes Peninsula, California ), but specific spawning

sites have not been reported (Thomas 1968, Frey
~/ithin Study Area: Although it is possible to find white 1971). Successful spawning probably occurs from
seabass throughout the study area, it is very rare north Santa Rosa Island, California to Santa Maria Bay, Baja
of Point Conception. This species is common in San California (based on larval distributions) (Moser et al.
Pedro and Santa Monica Bays, but rare in other southern 1983).
California bays and estuaries (Table 1) (Horn 1974,
Horn and Allen 1981, Allen et al. 1983). However, it Fecundity: Unknown.
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White seabass continued

Growth and Development fishery by rearing juveniles in hatcheries and th~
Egg Size and Embryonic Development: Eggs are releasing them into the ocean (Crooke and Tauch~
spherical and 1.24-1-,,32 mm in diameter (Moser et al. 1988).
1983). Embryonicdevelopment is indirect and external.
Eggs hatch in about 3 days at temperatures of 16.5- References
20.0°C (Moser et al. 1983).

Allen, L. G., M. H. Horn, F. A. Edmands II, and C. J
Age and Size of Larvae: Larvae are 2.8-15.5 mm in Usui. 1983. Structure and seasonal dynamics oftt
length (Moser et al. 1983). Metamorphosis to juvenile fish assemblage in the Cabrillo Beach area of Lc
begins at about 33.0 mm standard length (SL), and 72 Angeles Harbor, California. Bull. S. Calif. Acad. Sc
days after hatching (Moser et al. 1983). 82(2):47-70.

Juvenile Size Range: Juveniles range in length from Crooke, S., and C. Taucher. 1988. Ocean hatcheri~
33.0 mm SL to probably 50 cm SL for males and 60 cm - wave of the future? Outdoor Calif. 49(3):10-13.
SL for females (Frey 1971, Moser et al. 1983).

Feder, H. M., C. H. Turner, and C. Limbaugh. 197,
Age and Size of Adults: Some males mature at about Observations on fishes associated with kelp beds
51 cm total length, and some females at 61 cm long southern California. Calif. Fish Game, Fish Bull. 160:
(one year later) (Frey 1971 ). However, all white seabass 144.
are matu re at 80 cm (Vojkovich and Reed 1983). Many
females mature at age three, and most all are mature Fitch, J. E. 1958. Offshore fishes of California. Cal
by age four (Fitch and Lavenberg 1971). This is the Fish Game, Sacramento, CA, 80 p.
largest member of the Sciaenidae family in California
and may reach sizes over 1.2 mand36kg (individuals Fitch, J. E., and R. J. Lavenberg. 1971. Marine foe
weighing over 27 kg are rare). The largest white and game fishes of California. Calif. Nat. Histo=
seabass reported was 1.7 m long and weighed 38 kg Guides 28, Univ. Calif. Press, Berkeley, CA, 179 p.
(Squire and Smith 1977). Most commercially-caught
fish are 9-18 kg (Frey 1971 ). Scale analyses indicate Frey, H.W. 1971. California’s living marine resourc~

, thattheseare3-20year-oldfish, but many may actually and their utilization. Calif. Dept. Fish Gam~
be older (Frey 1971). The 18 kg fish are often 20 years Sacramento, CA, 148p.
old or older (Fitch and Lavenberg 1971).

Gates, D. E., and H. W. Frey. 1974. Designat~
Foodand Feeding common names of certain marine organisms ~
Tro.~hic Mode: Larvae, juveniles,, and adults are California. Calif. Fish Game, Fish BulL161:55-90.
carnivorous.

Horn, M. H. 1974. Fishes. InA summaryof knowled.~
Food Items: Larvae feed on planktonic crustaceans of the southern California coastal zone and offsho~
and other plankton (Moser et al. 1983). Juveniles eat areas, Chapter 11. S. Calif. Ocean Stud. Consor
fish, such as northern anchovy (Engraulis mordax), Fullerton, CA, 124 p.
Pacific sardine (Sardinops sagax), chub mackerel
(Scomberjaponicus), and squid (Loligo opalescens), Horn, M. H., and L. G. Allen. 1981. A review ar
and pelagic red crabs (Pleuroncodesplanipes) when synthesis of ichthyofaunal studies in the vicinity of L(
available (Thomas 1968, Fitch 1958). Angeles and Long Beach Harbors, Los Angeles Count

California. Final Rep. to U.S. Fish Wildl. Serv., Del:
Biological Interactions Biol. Sci., Calif. State Univ., Fullerton, CA, 96 p.
Predation: Eggs, larvae, and juveniles are probably
eaten by many predators. Adults probably have.few Kramer, S. H., and J. R. Hunter. 1988. Southe’.
predators except man, but marine mammals and sharks California wetland/shallow water habitat investigatio
will feed on gill-netted fish (Fitch and Lavenberg 1971). Ann. Rep., Nat. Mar. Fish. Serv., La Jolla, CA, 15 ~

Factors Influencing Po_~ulatior~: Historically, this Miller, D. J., and R. N. Lea. 1972. Guideto the coast
species’ population size has fluctuated widely, marinefishesofCalifornia. Calif. Fish Game, FishBu
Oceanographic conditions and changes in forage 157, 235 p.
species may affect its distribution (Skogsberg 1939,
Vojkovich and Reed 1983). In southern California, Moser, H. G., D. A. Ambrose, M. S. Busby, J. L. Butk
attemptsarebeingmadetoenhancethewhiteseabass E.M. Sandknop, B. Y. Sumida, and E. G. Steven
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White seabass continued

1983. Description of early stages of white seabass,
Atractoscion nobilis, with notes on distribution. Calif.
Coop. Ocean. Fish. Invest. Rep. 24:182-193.

National Marine Fisheries Service. 1986. Fisheries of
the U nited States, 1985. Current Fishery Statistics No.
8368. U.S. Dept. Comm., Nat. Ocean. Atm. Adm., Nat.
Mar. Fish Serv., Nat. Fish. Stat. Prog., Washington,
D.C., 122p.

Robins, G. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
E. A. Lachner, R. N. Lea, and W. B. Scott. 1980. A list
of common and scientific names of fishes from the
United States and Canada. Am. Fish. Soc. Spec. Publ.
No. 12, Am. Fish. Soc., Bethesda, MD, 174 p.

Schultze, D. L. 1986. Digest of California commercial
fish laws, January 1, 1986. Calif. Dept. Fish Game,
Sacramento, CA, 40 p.

Skogsberg, T. 1939. The fishes of the family Sciaenidae
(croakers) of California. Calif. Fish Game, Fish Bull.
54:1-62.

Squire, J. L., Jr., and S. E. Smith. 1977. Anglers’ guide
tothe United States Pacific coast. NOAA, Seattle, WA,
139 p.

Thomas, J. C. 1968. Management of the white
seabass (Cynoscion nobilis) in California waters. Calif.
Fish Game, Fish. Bull. 142:1-34.

Vojkovich, M.,and R. J. Reed. 1983. White seabass,
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status of the fishery. Calif. Coop. Ocean. Fish. Invest.
Rep. 24:79-83.
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Genyonemus lineatus
Adult

5 cm

Common Name: white croaker so easily caught in some localities that it is consider a
Scientific Name: Genyonemus lineatus nuisance (Baxter 1960). This species can be caught
Other Common Names: California white seabass, year-round and is especially popular with some ethnic
seatrout,weakfish, kingcroaker, whitecroaker, kingfish, groups. Over 249,000 white croakers were caught by
tomcod, tommy, roncky (Roedel 1953, Frey 1971, anglersin1985(U.S.DepartmentofCommerce1986).
Gates and Frey 1974, Squire and Smith 1977) Most white croaker kept by anglers are 21-25 cm total
Classification (Robins et al. 1980) length (TL) and 5-7 years old (Love et al. 1984).
Phylum: Chordata
Class: Osteichthyes I ndicatorof Environmental Stress: High concentrations
Order: Perciformes of polychlorinated biphenyls (PCBs) and other
Family: Sciaenidae contaminants in the tissues of white croaker pose a

potential health threat to humans, resulting in the
Value closure of some fishing areas (Puffer, et al. 1982).
Commercial: The white croaker is sold in fresh-fish White croakers found near southern California sewer
markets, however, it is not a prime market fish because outfalls are often malformed and diseased. Diseases
of its soft flesh (Bane and Bane 1971, Eschmeyer et al. include cancerous growths on lips (neoplasia), bulging
1983). It is also caught and sold for bait (Hart 1973). In and missing eyes, warped bodies, and high parasitism
the southern California Bight, it is now primarily caught rates. These conditions are probably a result of toxic
by bottom set gill nets (7.0 cm stretch), but was once effluents (Baxter 1960, Frey 1971, Phillips et al. 1972).
caught by ottertrawl, round haul net, and hook and line Since the white croaker accumulates contaminants
(Love et al. 1984). Over 453 t were landed in 1952, (Castle and Woods 1972) it is a good indicator species
1953, 1960, and 1965 (Baxter 1960, Frey 1971 ). About for pollution and is a target species of the National
200 t/year are now landed, with the largest Catches Status and Trends Program (Ocean Assessments
occurring in January and February (spawning season) Division 1984).
(Love et al. 1984). In 1982, fishermen received 13-18¢/
kg for their catch. Vietnamese fishermen have recently Ecological:This is an abundant (often dominant) species
started fishing for this species in Monterey Bay, in nearshore shallow waters with sandy substratum in
California, receiving33-110¢/kgfortheircatch (Love et southern California, both within bays and estuaries,
al. 1984). and just outside the surf zone (Roedel 1953, Squire

and Smith 1977, Love et al. 1984). White croaker
Recreational: The white croaker is an important sport larvae are often second in abundance only to northern
fish in California. Although small (and wrongly thought anchovy (Engraulis mordax) in the southern California
of as wormy), it is a good food fish (Skogsberg 1939, ichthyoplankton (Love et al. 1984), and this species
Squire and Smith 1977, Love et al. 1984). It is commonly often occurs with queenfish (Seriphuspofitus) (Roedel
caught from piers and boats with hook and line using 1953). Fossil otoliths have been found in Pliocene
various baits and lures (Eschmeyer et al. 1983). It is deposits 12 to 20 million years old (Baxter 1960).
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White croaker continued

al. 1984). Juveniles and adults are primarily epibenthic
Table 1. Relative abundance of white croaker schooling fishes (Eschmeyer et al. 1983, Wang 1986),

in 32 U.S. Pacific coast estuaries, but they may occur in midwater or at times near the
Life Stage surface (Skogsberg 1939, Love et al. 1984).

Estuat7 A S J L E:

depths m (Eschmeyer
WillapaBay ................ ~/ Rare           1984). It is common in bays and estuaries (Wang

Blank Not presentColumbia River 1986). Juveniles occur in waters <27 m deep; large
Nehalem Bay croakers inhabit greater depths (Love et al. 1984). The

"l]llamook Bay Life stage: highest larval densities in southern California are found
S - Spawning adults

iiiiiiiiiiiiiiiiiiiiiiiill L-Larvae            5 km of shore (Barnett et al. 1984). Juveniles occur
Siuslaw River 27 m isobaths (Love et al. 1984).

Umpqua River

Coos Bay Substrate: Eggs and larvae are found over sand and
Rogue River gravel bottoms (Wang 1986). Adults and juveniles are

Tomales Bay i~i i~ ii~ ~i i~ Physical!Chemical Characteristics: The white croaker
CenLSanFran. Bay* O O O O O * IndudesCentralSan is found in euhaline to mesohaline waters (Wang

Francisco, Sulsun,South San Fran. Bay O O O O O a,dSanP~o~. 1986). The optimal temperature range for metabolism
Bkhorn S~ough I{ is broad (11-17°C), and may account for this species’

Morro Bay wide depth and latitudinal distributions (Love et al.
Santa Manica Bay Jl ij ij~j"ij 1984).

Anaheim Bay i~i !:iiiiiiii ii~ ii~i iiiiiiiii shorewardto spawn in shallowwaters. Eggs and early
Newport Bay ~/ O O larvae apparently remain within this shallow "band".
Mission Bay V ’~ O ’ Larvae appear to drift into bays and estuaries on

San Diego Bay O O q incoming tides (Wang 1986) and migrate to the bottom
Tijuana Estuary "~/ ~/ O after hatching (Schlotterbeck and Connally 1982, Jahn

A S J L E et al. 1988). Early juveniles initially reside in waters 3-
6 m deep, but move to deeper waters as they grow

Range (Love et al. 1984).
vD_.~o.[~: The white croaker’s overall range is from
Magdalena Bay, Baja California, to Vancouver Island, Reproduction
British Columbia (Miller and Lea 1972, Hart 1973, Mode: The white croaker is gonochoristic, oviparous,
Eschmeyer et al. 1983). It is generally not abundant and iteroparous. It is a broadcast spawner; eggs are
north of San Francisco Bay, and is rare north of fertilized externally.

(Frey 1971).California
Mating/Spawning: Spawning occurs in shallow

Within Study Area: This species is found in almost all nearshore waters essentially year-round in California,
bays and estuaries south of Humboldt Bay, California, with specific spawning times dependent on location
but is extremely rare north of Humboldt Bay (Table 1) (Skogsberg 1939, Bane and Bane 1971, Hart 1973,
(Reish 1968, Bane and Bane 1971, Allen 1976, Horn Goldberg 1976, Eldridge 1977, Love et al. 1984). It
and Allen 1981, Allen et al. 1983). spawns primarily from November to April in southern

California, often peaking during February and March
Life Mode                                    (Goldberg 1976, Schlotterbeck and Connally 1982,
Eggs are pelagic, and larvae are benthopelagic to Love et al. 1984). it is also known to spawn in San

(Schlotterbeck Connally 982, et Francisco Bay, Tomales Bay, near Slough,epibenthic and 1 Love and Elkhorn
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White croaker continued

California, and coastal waters of northern Mexico (Love polychaetes, cumaceans, chaetognaths, cyprids,
et al. 1984, Wang 1986). The white croaker may have copepods, and fish larvae (Phillips et al. 1972). Larger
a protracted spawning_season off Monterey, California, juveniles and adults switch from zooplankton to benthic
because of cooler water temperatures there (Love et and epibenthic organisms, consuming awidevarietyof
al. 1984). During spawning, water temperatures range fish [northern anchovy (Engrau/is mordax) and others],
from 8.0-19.0°C, with surface waters of 13-14°C at squid, shrimp, octopus, polychaetes, crabs, clams,
peak spawning (love et al. 1984, Wang 1986). Abatch and other living and dead organisms (Skogsberg 1939,
spawner, the white croaker spawns 18-24 times per Baxter 1960, Allen 1982).
season, with large females spawning earlier and longer
than small individuals (Love et al. 1984). This species Biological Interactions
appears to utilize two spawning centers from south of Predation: The white croaker is eaten by sea lions,
Point Conception to the Mexican border: one center Pacific bottlenose dolphin (Tursiops truncatus),
north and south of the Palos Verdes Peninsula (from California halibut (Para/ichthys californicus), black sea
Redondo Beach to Laguna Beach), and a smaller bass (Stereolepis gigas), bluefin tuna (Thunnus
center is around Ventu ra (Love et al. 1984). thynnus), and probably otherpiscivorous animals (Fitch

1958, Baxter 1960)
Fecundity: Batch fecundity is estimated to be 800 to
37,200 eggs per female (Love et al. 1984). Factors Influencing PoDulations: High levels of

contaminants apparently can impair reproduction (Cross
Growth and Development and Hose 1988). Concentrations of PCBs and DDT in
Egg Size and Embry_ onic Develo.Dment: Eggs are 0.5- this species are directly related to its reproductive state
0.9 mm in diameter, averaging 0.85 mm (Watson (Cross 1986). Pollutants may cause tail rot and liver
1982). Embryonicdevelopmentisindirectandextemal. damage (Phillips et al. 1972). Because the white
In one study, all eggs hatched in 52 hr at 20°C (Watson croaker utilizes nearshore coastal habitats for spawning
1982). and rearing, it is directly affected by man’s activities in

these areas.
Age and Size of Larvae: Larvae range from 1.8-2.8 mm
standard length at hatching (Watson 1982, Wang 1986). References

Juvenile Size Range: Juveniles are 1.3 to about 13 cm Allen, L. G. 1976. Abundance, diversity, seasonality
total length (TL) (Love et al. 1984). and community structure of the fish populations of

Newport Bay, California. M.A. Thesis, Calif. State
Age and Size of Adults: Maturity is reached in 1 to 4 Univ., Fullerton, CA, 107 p.
years, with about 50% maturing in 1 year; all are mature
at 19 cmTL (Love et al. 1984). Males appeartomature Allen, M.J. 1982. Functional structure of soft-bottom
at about 12 cm and females at 13 cm TL (Love et al. fish communities ofthe southern California shelf. Ph.D.
1984). Femalesgrowfasterthan males, and both grow Diss., Univ. Calif., San Diego, CA, 577 p.
at fairly constant rates throughout their lives (Love et al.

¯ 1984). Thelargest specimen recorded was 39 cmand Allen, L. G., M. H. Horn, F. A. Edmands II, and C. A.
0.Tkg(SquireandSmith 1977). Whitecroakermaylive Usui. 1983. Structure and seasonal dynamics of the
for 12 to 15 years (Love et al. 1984). fish assemblage in the Cabrillo Beach area of Los

Angeles Harbor, California. Bull. S. Calif. Acad. Sci.
Food and Feeding 82(2):47-70.
TroDhic Mode: Larvae, juveniles, and adults are
omnivorous bottom feeders, feeding primarily at night. Bane, G. W., and A. W. Bane. 1971. Bay fishes of
However, juveniles may feed in midwater during the northern California with emphasis on the Bodega
day (Allen 1982). Tomales Bay area. Mariscos Publ., Hampton Bays,

NY, 143 p.
Food Items: Larvae eat rotifers, tintinnids,
dinoflagellates, polychaete larvae, lamellibranch larvae, Barnett, A. M., A. E. Jahn, P. D. Sertic, and W. Watson.
copepods, amphipods, and invertebrate eggs. Very 1984. Distribution of ichthyoplankton off San Onofre,
small larvae eat primarily rotifers, while larger larvae California, and methods for sampling very shallow
prey on copepods (Jahn et al. 1988). Small juveniles coastal waters. Fish. Bull., U.S. 82(1 ):97-111.
(<87 mm TL) eat mainly zooplankton, including
cladocerans, amphipods, ostracods, mysids, Baxter, J. L. 1960. Inshore fishes of California. Calif.
euphausiids, crab zoea and megalopae, larval Dept. Fish Game, Sacramento, CA, 80 p.
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Cymatogaster aggregata
Adult

2 cm

Common Name: shiner perch et al. 1979, Wydoski and Whitney 1979).
Scientific Name: Cymatogasteraggregata
Other Common Names: shiner seaperch, shiner Range
surfperch, yellow shiner, shiner, bayperch, poggie, ~: Overall range is from Todos Santos Bay, Ba
sparada, minny, bayperch, seven-eleven perch (Roedel California, to Port Wrangell, Alaska (Roedel 195
1953, Gates and Frey 1974, Washington 1977, Bane and Bane 1971). The shiner perch is scarce
Eschmeyer et al. 1983) the northern and southern ends of its range, b
Classification (Robins et al. 1980) abundant from San Diego, California, to Ketchika
Phylum: Chordata Alaska (Morrow 1980).
Class: Osteichthyes
Order: Perciformes Within StudyArea:This species is common toabunda
Family~ Embiotocidae in all Pacific coast estuaries and bays from San Die!

Bay, California, through Puget Sound, Washingt~
Value (Table 1) (Horn 1974, Morrow 1980, Proctor et
Commercial: The shiner perch is not commercially 1980).
important, although some are landed for use as bait
(Frey 1971) and human consumption (Roedel 1953). Life Mode
This species is considered to be a delicacy by some The shiner perch is a live-bearer; eggs are retain
(Washington 1977, Wydoski and Whitney 1979). within the female and juveniles are born fully develop~

Juveniles and adults are primarily neritic and pela.~
Recreational:The shinerperch is commonly caught by (Garrison and Miller 1982).
children fishing with small hooks in estuaries and bays
(Baxter 1960, Eschmeyer et al. 1983). It is occasionally Habitat
used for bait in California’s San Francisco Bay striped T_y.p.~: This species occurs primarily in nearsh(
bass fishery (Smith and Kato 1979). ’shallow-water marine, bay, and estuarine habit~

both intertidally and subtidallyo It is commo~
Indicator of Environmental Stress: The shiner perch associated with aquatic vegetation (eelgrass, Zost~
hasbeenusedtoassessthetoxicityofsomecommon spp.) and docks and pilings (Bane 1968). Duff
organochlorine insecticides (Earnest and Benville spring and summer, juveniles prefer intertidal ~
1972). Because this species utilizes nearshore polluted shallow-water subtidal habitats in bays and estuar
environments, it may have body burden pesticide levels (Shaw et al. 1974, Moyle 1976). In winter, they oc~
higher than other fishes (Earnest and Benville 1971). primarily in neritic marine habitats, occasionally

deep as 70m (Hart 1973, Wydoski and Whitney 197
Ecological: The shiner perch is a small yet abundant
species in many estuaries and bays. It is preyed upon Substrate: The shiner perch prefers sandy and mu(
by numerous birds, mammals, and fishes (Simenstad bottoms (Bane and Bane 1971 ), but may be found o
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Shiner perch continued

Table 1. Relative abundance of shine~" perch 1975). It is not normally found at depths >30 m in
, California (Bane 1968), but is commonly captured at

in 32 U.S. Pacific coast estuaries, depths between 18 and 73 m in Puget Sound in winter
- Life Stage (Wydoski and Whitney 1979). This species has been

taken as deep as 128 m (Clemens and Wilby 1961).
Puget Sound ~i.! :~:

Relative abundance:
Hood Canal :;~:.. ,i~...r ii ¯ Highly abundant M!grations and Movements: The shiner perch forms
Skagit Bay i~: !~: :~ ~) Abundant loose schools that move seasonally- onshore and intoGrays Harbor ~) i~] i r¯’

O Common shallow water marine areas, estuaries, and bays in the
Willapa Bay (~ I~ ¯ -,/ Rare spring, and offshore into deeper marine waters in the

Columbia River ~ (~ ¯ Blank Not present fall and winter (Bane and Robinson 1970, Stober et al.
Nehalom Bay I~ (~ ¯ 1973, Wydoski and Whitney 1979). No coastal (north-
TillarnookBay I~ (~ ¯ Ufestage: south) migrations are known to occur. During the

Netarts Bay ’j’i!~l~:.~ A-Adults prespawning period, adults stay in shallow waters
.. J-Juveniles during daylight and move to deeper waters at night.

Yaquina Bay i~! ii~ ?r’.’.¯ Afterthis period, most adults reverse this movement by
A~ssa River i~ ~.i~ ~!i~ schooling in deeper water during the day and moving

SiuslawRiver ¯ ¯ ¯ to shallow water at night (Gordon 1965 as cited by
Umpq,,a R~ver ¯ ¯ ¯ Wiebe 1968). Adults and juveniles appearto school in

coosBay ¯ ¯ ¯ separate areas (Shaw et al. 1974). The shiner perch
Rogua R~ver ¯ ¯’¯ may use intertidal eelgrass beds significantly more at

Klamath River !~)" i!~ ;i(~] night than day (Bayer 1981 ).
Humboldt Bay i~ !i~ e

~el Rive~ ~i~i~ ~ii~ !ie Reproduction
Tomales Bay i~ ii~ i’~ . Mode: This species is gonochoristic and iteroparous. It

Cent. San Fran. Bay* ~) (~] ¯ * ~n~o~C~.t,a~san is ovoviviparous; eggs are fertilized internally (Wiebe
South San Fran. Bay ¯ ~ [ ¯

Francisco, Suisun,and San Pablo bays. 1968, Garrison and Miller 1982).
Elkhorn Slough ¯ I~l ¯

Morro Bay ¯ (~ ¯ M6ting/S~)awning:The shiner perch performs elaborate
Santa Monica Bay !i(~’i!~’~ i~ courtship and mating behavior. This behavior has

San Pedro Bay i~’!i:(~*.ii~ been broken down into six phases: (1) male(s) will
~am~tos Bay "~ i=~ :=.~ chase females, (2) one male will isolate one female
Anaheim Bay !~ ii~ i!.~ from other females, (3) the male will aggressively
NewportBay O Oi i~ protect his female from other male shiner perch, (4)
Mission Bay I~ ~] ¯ with his dorsal fin raised, the male will swim in a figure-

San Diego Bay (~ (~ ¯ eight interspersed with wide circularsweeps in front of
TijuanaEstuary q ~/ and around the female; this may continue for many

minutes and be interrupted periodically by aggressive
attacks against other males, (5) the male becomes limp

substrates rangingfromsilt-claytoboulders(Simenstad and quivers near the female, this is associated with
1983). In Yaquina Bay, Oregon, 95% were collected rapid jaw and dorsal fin movement, (6) the male turns
on eelgrass beds (Bayer 1979, 1981). on its side and applies his anal fin appendages to the

urogenital region to copulate with the female (Wiebe
Physical/ChemicalCharacteristics:Juvenilesandadults 1968). The courtship behavior can be le.ngthy, but
occur in oligohaline to euhaline waters (Moyle 1976, ’ copulation may last only a fraction of a second (Wiebe
Simenstad 1983) and occasionally in fresh water 1968). Matingoccursprimarilyinthespring-summerin
(Beardsley and Bond 1970, Moyle 1976). While in . California (Bane and Robinson 1970, Shaw 1971),
estuaries they are normally found in salinities >8-10%o April-July in British Columbia (Hart 1973), and probably
(Moyle 1976). During the spring and summer when summer in Oregon and Washington. Sperm is
adults are giving birth, large schools are found in apparently stored in the female for several months
mesohaline and polyhaline waters (Ganssle 1966, before fertilization occurs in the winter (Eigenmann
Moyle 1976). The upper lethal temperature is 26.5- 1892, Wiebe 1968). Females give birth during April
30.0°C (Stober 1973). The shiner perch is reported to and May in California (Odenweller 1975), June and
occur in temperatures ranging from 4 to 21°C (Tarp July in British Columbia(Wiebe1968),JulyandAugust
1952), but shiner perch left Anaheim Bay, California, in Puget Sound (Wydoski and Whitney 1979) and
when temperatures exceeded 18.5°C (Odenweller spring in Oregon (Beardsley and Bond 1970).
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Shiner perch continued

Fecundity: The reproductive capacity of this species is amphipods, algae, mussels, barnacle appendages,
directly related to fern~le size; small young females polychaetes, bivalves, crab larvae, cladocera, isopods,
produce as few as 5 young, while larger older females and mysids (Bane and Robinson 1970, Bane and Bane
can produce over 20 (Wilson and Millemann 1969). A 1971, Hart 1973, Odenweller 1975, Bottomet al. 1984).
female may produce up to 36 young (Clemens and
Wilby 1961). Biological Interactions

Predation: The shiner pemh is eaten by many species
Growth and Development of large marine fishes [e.g., sturgeon (Acipenserspp.),
Egg Size and Embryonic Develo.Dment: Embryonic salmon (Oncorhynchus spp.), and barred sand bass
development is direct and internal. Eggs are 0.3 mm in (Paralabraxnebulifer)](WydoskiandWhitney1979). It
diameter (Eigenmann 1892). Embryos are initially is a seasonally important prey for harbor seal (Phoca
0.45 mm in sagittal section (Wang 1986). Embryos vitulina) (Simenstad et al. 1979, Jeffries et al. 1984)
develop spatulate vascular expansions of tissue at the andpisdvorousbirdssuchascorrnorant(Phalacrocorax
margins of the dorsal and anal fins to aid in oxygen and spp.), great blue heron (Ardia herodias), and bald
carbon dioxide exchange (Turner 1952). During later eagles (Haliaeetus leucocephalus) (Bayer 1979, M. G.
stages of development, a fold of ovarian tissue may Garrett 1985, Pacific Power and Light, Portland, OR,
invadethe opercularopening of some embryos (Turner pers. comm.).
1952).

Factors Influencing Po_Dulations: There is little
Age and Size of Larvae: There is no larval stage; information available regarding the factors influencing
embryonic development is direct and internal, shiner perch populations. High water temperatures

may reduce the length of estuarine residence
Juvenile Size Range:~ At birth, the fully-developed (Odenweller 1975). The availability and quality of
shiner perch averages 34.0-43.7 mm long (Wilson and estuarine areas for giving birth and rearing may also
Millemann 1969,Wang 1986). Juveniles are lessthan limit shiner perch abundance. The shiner perch
5.0 cm long (Shaw 1971). populations in San Pedro Bay and adjacent areas have

been declining since 1974, but it is not known why
Age and Size of Adults: The shiner perch can live for 8 (Stephens et al. 1983).
years and growto 20 cm in length (Beardsley and Bond
1970, Wydoski and Whitney 1979). However, fish over References
6 years old are rare and most are under 16.5 cm in
length (Anderson and Bryan 1970). Males are smaller Anderson, R. D., and C. F. Bryan. 1970. Age and
than females and are rarely longer than 13.0 cm growth of three surfperches (Embiotocidae) from
(Anderson and Bryan 1970). Growth is very rapid the Humboldt Bay California. Trans. Am. Fish. Soc. 3:475-
first year and then slows considerably (Anderson and 482.
Bryan 1970, Bane and Robinson 1970, Odenweller
1975). Males mature soon after birth, but are not Bane, G.W. 1968. Fishes of the upper Newport Bay
mature at birth asearlierthought (Shaw 1971,Garrison Univ. Calif. Irvine Res. Ser. 3:1-114.
and Miller 1982). Most females mature theirfirst year
(Wilson and Millemann 1969, Shaw 1971, Shaw et al. Bane, G. W., and A. W. Bane. 1971. Bay fishes o~
1974), except in British Columbia (Gordon 1965 as northern California with emphasis on the Bodeg~
cited in Garrison and Miller 1982). Tomales Bay area. Mariscos Publ., Hampton Bays

New York, NY, 143 p.
Food and Feeding
Trophic Mode: Embryos receive oxygen and nutrition Bane, G. W., and M. Robinson. 1970. Studies on th~
fromhighly-developedovariancavitytissuesandfluids shiner perch, Cymatogaster aggregata Gibbons, ir
(Wiebe 1968). Juveniles and adults’are omnivorous upper Newport Bay, California. Wasmann J. Biol
(Bane and Bane 1971). Food eaten depends on sex, 28(2):259-268.
age, and season (Hart 1973). Juveniles and adults will
feed on benthos or plankton, depending on prey Baxter, J. L. 1960. Inshore fishes of California. Cali!
availability (Odenweller 1975). Juveniles and adults Dept. Fish Game, Sacramento, CA, 80 p.
can be nocturnal or day feeders (Hobson et al. 1981,
Hobson and Chess 1986). Bayer, R. D. 1979. Intertidal shallow-waterfishes an(

selected macroinvertebrates in the Yaquina estuanj
Food Item~: Juveniles and small adults eat primarily Oregon. Unpubl. Rep., 134 p. Oregon State Uni~
copepods (Hart 1973). Other prey include gammarid Marine Sci. Cent. Library, Newport, OR.
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Ammodytes hexapterus
Adult

5 cm

Common Name: Pacific sand lance               will stayburrowed (Pearson et al. 1984). Contaminate(
Scientific Name: Ammodytes hexapterus ’ sediments (300 ppm and 3,000 ppm oil) may als,
Other Common Names: sandlance, sand launce, cause hemorrhaging in the head and gill regions c
sand eel Pacific sand lance (Pearson et al. 1984).
Classification (Robins et al. 1980)
Phylum: Chordata Range
Class: Osteichthyes Overall: Overall range is from southern California t~
Order: Perciformes Alaska and the Bedng Sea, from Arctic Alaska to th~
Family: Ammodytidae Sea of Japan (Eschmeyer et al. 1983). The center o

abundance appears to be in the Gulf of Alaska (Trumbk
Value 1973). It is also found in Arctic waters, Hudson Bay, th~
Commercial:The Pacific sand lance is not commercially northwest Atlantic Ocean, and Europe (Leim and Scot
fished in the U.S. and Canada except for a limited 1966).
amount for use as bait. Commercial fisheries exist in
Japan and Europe; the Japanese Pacific sand lance Within Study Area: The Pacific sand lance is commo=
fishery takes about 100,000 t/year (Field 1987). to highly abundant in Puget Sound, but has highl,.

patchy distributions in madne areas of many othe
Recreationa!: This species is not generally used for Pacific coast estuaries (Table 1) (Monaco et al. 1990)
human consumption, but is reported to be delicious
(Clemens and Wilby 1961). It is mostly used as bait for Life Mode
larger fishes. Eggs are demersal and adhesive. Larvae, juveniles

and adults are pelagic and schooling, but juveniles ant
.F=.~: The Pacific sand lance is an important prey adults are occasionally demersal (Reay 1970, Gardsor
for many different species of madne vertebrates (Hart and Miller 1982).
1973) and some invertebrates. It is the main prey for
many seabirds in the northern Gulf of Alaska (Sanger Habitat
1987)andwasthedominantfishcapturedinanearshore _~: Adults and juveniles rest and escape fron
habitat (<30 m deep) in Alaska (Houghton 1987). predators by burrowing into clean, unconsolidatec
Because of its life history characteristics, it is not often substrates. A nedtic species, it is usually associate(
sampled by normaltrawl gear. Two Ammodytesspecies with clean sand bottoms in areas <100 m deep (Trumbk
occur off Japan that are morphologically very similar 1973). However, it may be found to depths of 275 n
but probably distinct species: A. hexapterus and A. (Allen and Smith 1988). Since it needs clean
personatus(Okamoto 1989). unconsolidated sand to burrow into and still hay(

sufficient oxygen, these burrow areas typically hav~
Indicator of Environmental Stress: Oil-contaminated high bottom current velocities. Hence, areas witl
sediment reduces the amount of time that this species suitable current velocities and substrate types arc
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Pacific sand lance continued

Migrations and Movements: No migration has been
Table 1. Relative abundance of Pacific sand documented, but juveniles and adults probably move

lance in 32 U.S. Pacific coast estuaries, into coastal and estuarine waters during spring and
Life Stage summerto feed and escape from predators. In summer,

Estuar7    A $ J L E they are most abundant in nearshore habitats (Craig
PugetSound !~i:i:j iJl Relative abundance: 1987). InAlaska, 1- and 2-year-old sand lance appear
HoodCanal ii~.iil!.~, jii:~ ¯ Highly abundant to move inshore in early summer and then offshore
s~gitsay ~!~iii i~.Jii ® Abun(~nt beginning in late August (Houghton 1987). On the

~,~:::i~.~l~ O Common Atlantic coast, newly-hatched Ammodytesspp. larvae
Willapa Bay O ® O ~’ Rare are found throughout the water column in well-mixed

Columbia River
O O C)

Blank Notpresent shelfwaters, with most larvae found in waters less than
Nehalem Say ® ® O 10-20 m deep. Larger larvae appear to spend the day
Tlllamook Bay ® ® C) Life stage: near the bottom and move up into the water column at

NetartsBay ~ I ~:~:~ ~ :r::~ ~ A’Adults night. By April and May, most pre-metamorphosis
.... S - Spawning adults
~ .....::"~: ................. juveniles were captured at night, indicating they Were

Yaqulna Bay :i...1 iiiiii!iiii i~ ii~ iiiiiiii L- L=vae nearthe bottom or burrowed in the substrate during the
Alsea River i!!~i iii::::iiiill i~ :~:,~ i!iiii!!

E- Eggs
day (Potter and Lough 1987). At night, A. hexapterus

siuslaw River ~ (~ O juveniles and adults appear to burrow into the bottom
UmpquaRiver (~ ® ~ (GirsaandDanilov1976,Hobson1986). Duringwinter,

Coosew O O O adultsarerelativelyinactiveandremainburiedinclean
Ro~e R~er sand except when spawning (Pinto 1984). Juveniles

Humboldt Bay iC~i’:=i:.ii:iiii ii.~ :.~ii i!!i!!ii!:: Pacific herring (C/upeapa/last), but they may also form

fomales Bay iOi iC~i i:O !C~:. !~                        day.
Cont. San Fran. Bay * ~      ~/         * Includes Central San

Francisco, Suisun,
South San Fran. Bay ~ ~ and San Pablo bays. Reproduction

ElkhornSlough ~ q Mode: The Pacific sand lance is gonochoristic,
MorroBay oviparous, and iteroparous; eggs are fertilized

Alamitos Bay
;i[:i:i::’

i::iii::ill iii:::i::ii M ating/Spawning: The spawning biology of this species

N~wport Bay of the Atlantic sand lance (A. americanus). The Pacific
Mission Bay sand lance spawns in marine waters during the winter

San Diego Bay (November-March) (Andriyashev 1954, Fitch and
TlJuanaEstuary Lavenberg 1975, Wang 1986) in varying depths of

A S J L E water, and probably in strong currents (Andriyashev
1954). Along Kodiak Island, Alaska, spawning occurs

critical for defining proper habitat (Auster and Stewart intertidally at high tide in October (Dick and Warner
1986). This type of habitat is often found at the mouths 1982).
of estuaries and may be the reason these fish are often
found there.                                  Fecundity: This species’ fecundity is unknown, but

other Ammodytes species have been found to have
Substrate:Larvaearefoundoveravarietyofsubstrates. 3,300-22,100 eggs per female, averaging 6,800 per
When pelagic, juveniles and adults are found over female (Andriyashev 1954).
various substrates. When they burrow, they choose
clean, unconsolidated sand (perhaps with some small Growth and Development:
gravel). Eggs are also found in these substrates. Egg Size and Embryonic Development: Fertilized eggs

are spherical and 0.88-1.20 mm in diameter (Pinto
Physical/Chemical Characteristics: The Pacific sand 1984). They also have an oil globule and adhere to
lance is primarily a marine species; larvae are found in sand grains (Williams et al. 1964). Embryonic
full seawater to mesohaline waters (Wang 1986). development is indirect and external. Near Japan,
However, it is often found in sandy areas near freshwater eggs hatch in 33 days at 6.2°C, with optimaltemperatu re
seeps, being 8.2°C (Inoue et al. 1967). At 9°C, eggs hatch in

24 days (Pinto 1984).
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Pacific sand lance continued

Age and Size of Larvae: At hatching, larvae are 4.9-5.7 be most important. Major spawning areas have not
mm SL (noue et al. 1967, Pinto 1984) and grow to 30- beenpositivelyidentified, butthe areaswhere prolarvae
40 mm long before metamorphosis, have been found indicate spawning occurs in and at

the mouths of bays and estuaries (Wang 1986). Larval
Juvenile Size Ran0e: The juvenile size range is fish surveys in the northwestern Atlantic showed a 20-
unknown, butpmbablyfrom0.4cmupto 10.0 cm total fold increase in abundance of Ammodytes species
length, from 1974 to 1979, reflecting a 50-fold change in adult

spawning biomass (Field 1987). Studies of other
Age and Size of Adults: This species may become Ammodytes species indicatewatertemperatureduring
sexuallymatureafterl to3years(approximatelyl0cm spawning season may affect recruitment, and some
long). In Alaska, juveniles appear to mature at 2 or 3 density-dependent effects of recruitment and growth
years (Dick and Warner1982). FewalongtheCalifo~nia have been noted. Increases in populations of the
coast reach 20 cmlong, butthisspeciescangrowto28 Newfoundland and North Seas may be related to
cm in length (Hart 1973). The Pacific sand lance may decreases in predator populations (cod and mackerel)
live to be 8 years old (Fitch and Lavenberg 1975). (Field 1987). In the lower Columbia River estuary, the

Pacific sand lance is the dominant fish captured during
Food and Feeding                             annual hopperdredging operations (Larson and Moehl
..Tro_~hic Mode: Larvae, juveniles, and adults are 1990).
planktivorous carnivores.

Refere nces
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et al. 1986), and the primary fish prey for salmonids in
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Pacific sand lance continued
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Clevelandia ios
Adult

2 cm

Common Name: arrow goby Range
Scientific Name: Clevelandia ios Overall: The arrow goby is found from the Gulf c
Other Common Names: mud goby (Gates and Frey California, Baja California, to Vancouver Island, Britisl
1974) Columbia (Miller and Lea 1972).
Classification (Robins et al. 1980)
Phylum: Chordata Within Study Area:This species is fou nd in most Pacific
Class:Osteichthyes coast estuaries, but is most abundant in souther=
Order: Perciformes California bays, estuaries, and lagoons (Table 1
Family: Gobiidae (Monaco et al. 1990).

Value Life Mode
Commercial: This species has no commercial value. Eggs are semi-adhesive and demersal. Larvae ar~

pelagic, while juveniles and adults are demersal an{
Recreational: This species has no recreationalvalue, live freely or commensally in the burrows of th,

innkeeper worm (Ricketts et al. 1985), and mud an,
Indicator of Environmental Stre~: The arrow goby is ghost shrimps (Prasad 1948).
easy to keep in aquaria and is an excellent bioassay
organism (Reish and Lemay 1988). However, very Habitat
little is known about this species’ pollution tolerances. T_.yp_e.: All life stages are found in intertidal and subtid;

areas of bays, estuaries, and lagoons (Prasad 194~
Eo01ogical: The arrow goby is an important component Carter 1965, Brothers 1975, Wang 1986). Larvae ar
of the ichthyofauna in many California estuaries, where most abundant in areas of high salinity in San Francisc
it plays a critical role in the food webs. It is the most Bay, California (Wang 1986, California Department (
abundant goby in Elkhorn Slough (Cailliet et al. 1977), Fish and Game 1987). Juveniles and adults are foun
Anaheim Bay (Macdonald 1975), and Newport Bay, inoligohalinetoeuhalinewaters(CaliforniaDepartme~
California (Allen 1982). The arrow goby is commonly of Fish and Game 1987).
associated with theghost shrimp (Callianassa spp.),
but the shrimp probably dedves no direct benefits from Substrate: Eggs are laid on mud, sand, and sometime
the use of its burrows by arrow gobies (Hoffman 1981 ). gravel (Wang 1986). Larvae can be found over a wid
However, the arrow goby benefits from this association rangeof substrates. Juveniles and adults prefer bottorr,
by having a refuge from predation and a residence of mixed sand and mud, but they can also be found o
during low tide. The arrow goby also uses the burrows clay/sand (Prasad 1948) and other substrates.
of the innkeeper worm (Urechis spp.) and mud shrimp
(Upogebia spp.). However, goby abundance may not Physical/Chemical Characteristics: Eggs are found ;
correlate with the density of any of these species’ temperatures >10°C (Wang 1986). Juveniles an
bu rrows (Macdonald 1975). adults are eurythermal, withstanding temperatures fro~
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Arrow goby continued

refuge within invertebrate burrows and intertidal pools
Table 1. Relative abundance of arrow goby (MacGinitie 1935, Prasad 1948, Macdonald 1975).

in32 U.S. Pacific coast estuaries. Arrow gobies are most active at low light levels
Life Stage (Macdonald 1975). Light reflected from the silver belly

Estua~    A S J L E of a threatened goby can stimulate other gobies to
Puget Sound !~i ilC~ :’!~ :i~ !iiO Relative abundance: search for cover, thus causing gobies in an entire area
HoodCanal i:i~:~i~ii~i::~!!i~:~ @ Highly abundant to retreat into burrows (Macdonald 1975). In some
SkogltBay ::~ !::~;i~i~i:.ib I~) Abundant northern estuaries arrow gobies may only use

Grays Harbor i~i’i~’!~’:~"~O O Common Callianassa spp. burrows during spring and summer
WillapaBay O (:~ O O (~ ~/ Rare (Hoffman 1981).

Blank Not present
Columbia River

Nehalem Bay Reproduction
Tillamook Bay q ~ Life stage: Mode" The arrow goby is gonochoristic, oviparous, and

y~uln~ Bay !~ ii~ !~ !i~ L-L~ae Matina/SDawnina: Spawning occurs on intertidal mud
’ or sand flats of estuaries, bays, or lagoons (Wang

SluslawRiver "] "~ 1986). Itmayspawnyear-round, dependingonestuary
Umpqua River # ~ (Brothers 1975). The principal spawning period is from

coo~ Bay O O O O O December to September. Peak spawning activity in
Rogue River ...................... many southern California estuaries is from Februaryto

Humboldt Bay !::~: !i~’ :!~"i::~"ii~ November to April in Mission Bay, California (Brothers

Tomal~s Bay ~:.’:.!~’i!~ :.i~ :i!~] spawning time and the yellow color of the eggs shows
Cent. San Fran. Bay * O (~ I~] (~ (~ Includes Central San~o,~o,s~,~,. through the abdominal wall. Females may also develop
South San Fran. Bay O ~ ~ ¯ ¯ ,n~S~nP~o~. a streak of black pigment on the anal fin. Malesshow

ElkhornSIough ~) ~ ~) ~) ~ a considerable increase in pigmentation during the
Morro Bay 1~] (~] ~ (~] (~) spawning season; dorsal fins and the upper half of the

Santa Monlca Bay !~iii; iiiiiiiiiii,ii!~!ii !!::i!ilil :i::iii;iiii:: pectoral fins become darker and a black streak is found
on the anal fin (Prasad 1948). Females become

Ala~lt~~Y :~’~’’:r~’~ lethargic near spawning time, while males are very
AnahelmBay ~Jl !~i~:.~;!i:~: active. Male breeding behavior includes fighting,New~ Bay ~ ~ I ~ ¯

chasing, nipping, and belly-flashing (Macdonald 1975).
Mission Bay I ~} I (~ I~ No nest is built, eggs are deposited singly or in smallSan Diego Bay (~] ~ ~} (~] ~}

TljuanaEstuaSt (~ (~ (~ (~ (~
groups (Prasad 1948), with 15-25 eggs laid at a time

A s J L E (MacGinitie 1935). Eggs are laid on walls of a burrow
which is about 10 cm deep (Wang 1986).

4-26°C (Prasad 1948)o Arrow gobies may inhabit the Fecundity: Fecundity ranges from 300-1,200 eggs per
cooler waters in invertebrate burrows when intertidal female, depending on body size (Brothers 1975).
bay waters reach high temperatures (Macdonald 1972).
The arrow goby spawns in polyhaline to euhaline Growth and Development
waters(Wang1986).Juvenileandadultsareeuryhaline, Egg Size and Embwonic DeveloDment: Eggs are
tolerating fresh water and salinities greater than elliptical, club-shaped (Prasad 1948, Brothers 1975,
seawater(Carter 1965). However, prolonged exposure Wang 1986), and 0.735 mm long and 0.645 mm wide
to fresh water or low salinities can result in death (L. G. (MacGinitie 1935, Brothers 1975). They are adhesive
Allen, Calif. State Univ., Northridge, CA, pers. comm.), only at the anchoring point (Prasad 1948). Embryonic
This species is also tolerant of low oxygen development isindirect and external. At 15-15.5°C,
concentrations (Carter 1965). hatching takes 10-12 days. No parental care is provided

(Macdonald 1975).
Migrations and Movements: Pelagic larvae are widely
transported within bays and lagoons and probably to Age and Size of Larvae: Larval lengths range from
offshorewaters(Nordbyl982,Wangl986). Intertidal- 2.75-3.20mm at hatching (Prasad 1948, Brothers
dwelling juveniles and adults do not appear to migrate 1975). Transformation to juvenile occurs at about
down to subtidal habitats during low tide, but take
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Arrow goby continued

14.0 mm after the larvae develop the external plays a major role in determining population size
characteristics of adults (Prasad 1948). (Macdonald 1975). Other important factors include

parasites, competition with other fishes, and stress
Juvenile Size Range: Juv~-niles are from 14.0 mm to at from spawning (Brothers 1975). The arrow goby is an
least 29.0 mm long (Prasad 1948). Juveniles are less estuary-dependent species, hence, any factor which
than one year old (Prasad 1948, Brothers 1975). impacts tidal flats and invertebrate burrows probably

directly affects arrow goby abundance. However,
Age and Size of Adults: The arrow goby matures in at annual freshwater inflow was not found to influence
least one year, when it is longer than 29 mm. All arrowgobypopulationsinSanFranciscoBay(Califomia
females are mature by a length of 34 mm (Prasad Department of Fish and Game 1987).
1948, Brothers 1975). Some gobies may mature after
one summer if they settled in spring (Brothers 1975). References
The maximum size reported is 52 mm (Carter 1965).
Most live for only I year, but a few will live 2-3 years Allen, L. G. 1982. Seasonal abundance, composition,
(Prasad 1948, Brothers 1975). The sex of individuals and productivity of the littoral fish assemblage in upper
>19mmlongcanbedistinguishedbytheshapeoftheir Newport Bay, California. Fish Bull., U.S. 80(4):769-
anal papillae (Prasad 1948). 790.

Food and Feeding Brothers, E. B. 1975. The comparative ecology and
TroDhic Mode: This species is primarily carnivorous behavior of three sympatric California gobies. Ph. D.
(Macdonald 1975). Larvae are planktonic feeders, Thesis, Univ. Calif., San Diego, CA, 365 p.
while juveniles and adults are epibenthic/benthic feeders
(Prasad 1948, Brothers 1975, Macdonald 1975). Cailiiet, G. M., B. Antrim, D. Ambrose, S. Pace, and M.

Stevenson. 1977. Species composition, abundance
Food Items: Larvae feed primarily on the copepod and ecological studies of fishes, larval fishes, and
Acartiatonsaandprobablyotherzooplankton. Juveniles zooplankton in Elkhorn slough. In J. Nybakken, G.
and adults consume harpacticoid and cyclopoid Cailliet, and W. Broenkow (editors). Ecological. and
copepods, ostracods, nematodes, and oligochaetes, hydrographic studies of Elkhorn Slough Moss Landing
Gammarid and caprellid amphipods, and large Harbor and nearshore coastal waters July 1974 to
oligochaetes are important prey for larger gobies June 1976, p. 216-386, Moss Landing Marine Lab.,
(Prasad 1948, Macdonald 1975). Other food may Moss Landing, CA.
include isopods, filamentous algae, crustacean nauplii
and zoeae, diatoms, and tintinnids (Prasad 1948). California Department of Fish and Game. 1987. Delta
However, these items may only be eaten incidentally outflow effects on the abundance and distribution of
with other prey (Macdonald 1975). Besides the above San Francisco Bay fish and invertebrates, 1980-1985.
prey, pieces of food released by a ghost shrimp (while Exhibit 60, entered by the California Department of
it tears its food) may be snatched and eaten (MacGinitie Fish and Game for the State Water Resources Control
1934, cited by Carter 1965). Board 1987 Water Quality/Water Rights Proceeding

on the San Francisco Bay/Sacramento-San Joaquin
Biological Interactions Delta. Calif. Dept. Fish Game, Stockton, CA, 345 p.
Predation: This species is consumed by many predators,
including: California halibut (Paralichthys californicus) Carter, W. R., Ill. 1965. Racial variations of the arrow
(Haaker 1975), walleye surfperch (Hyperprosopon goby, Clevelandia los (Jordan and Gilbert) 1882 in
argenteum), Califomia co~bina (tv~nticirrhus undulatus), Puget Sound and on the coast of Washington State.
whitecroaker (Genyonemuslineatus), Pacific staghom M.S. Thesis, Univ. Wash., Seattle, WA, 88 p.
sculpin (Leptocottus armatus), diamond turbot
(Hypsopsettaguttulata),queenfish(Seriphuspolitus), Gates, D. E., and H. W. Frey. 1974. Designated
specklefin midshipman (Porichthys myriaster), round common names of certain marine organisms of
stingray (Urolophis hailer1), shovelnose guitarfish California. Calif. Fish Game, Fish Bull. 161:55-90.
( Rhinobatos productus), California killifish ( Fundulus
parvipinnis), and probably many species of piscivorous Haaker, P. L. 1975. The biology of the California
birds[gulls, greateryellowleg (Totanusmelanoleucos), halibut, Paralichthys califomicus(Ayres). InE. D. Lane
and short-billed dowitcher (Limnodromus griseus)] and C. W. Hill (editors), The marine resources of
(Prasad 1948, Brothers 1975, Macdonald 1975). Anaheim Bay. Calif. Fish Game, Fish Bull.. 165:137-

151.
Factors Influencing Population~: Predation probably
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Arrow goby continued

Hoffman, C.J. 1981. Associations between the arrow Ricketts, E. F., J. Calvin, J. W. Hedgpeth, and D. W.
goby Clevelandia ios (Jordan and Gilbert) and the Phillips. 1985. Between Pacific tides. Stanford Univ.
ghost shdmp Callianassa californiensis Dana in natural Press, Stanford, CA, 652 p.
and artificial burrows. Pac. Sci. 35(3):211-216.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
Horn, M. H., and L. G. Allen. 1985. Fish community E.A. Lachner, R. N. Lea, and W. B. Scott. 1980. A list
ecology in southern California bays and estuaries, of common and scientific names of fishes from the
Chapter 8. In A. Yanez-Arancibia (editor), Fish United States and Canada. Amer. Fish. Soc. Spec.
community ecology in estuaries and coastal lagoons: Publ., No. 12, Am. Fish. Soc., Bethesda, MD, 174 p.
towards an ecosystem integration, p. 169-190. DR (R)
UNAM Press, Mexico: Wang, J. C. S. 1986. Fishes of the Sacramento-San

Joaquin estuary and adjacent waters, California: A
Macdonald, C.K. 1972. Aspects of the life history of guide to the early life. histories. Tech. Rep. No. 9.
the arrowgoby, Clevelandia los (Jordan and Gilbert), Interagency ecological study program for the
in Anaheim Bay, California, with comments on the Sacramento-San Joaquin estuary. Calif. Dept. Water
cephalic-lateralis system in the fish family Gobiidae. Res., Calif. Dept. Fish Game, U.S. Bureau of Reclam.,
M .S. Thesis, Calif. State Univ. Long Beach, CA, 157 p. and U.S. Fish Wildl. Serv. vadous pagination.

Macdonald, C. K. 1975. Notes on the family Gobiidae
from Anaheim Bay. In E. D. Lane and C. W. Hill
(editors), The marine resources on Anaheim Bay.
Calif. Fish Game, Fish Bull. 165:117-121.

MacGinitie, G. E. 1934. The natural history of
Callianassa californiensis Dana. Am. Midl. Nat. 15:166-
177.
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765.

Miller, D. J., and R. N. Lea. 1972. Guide to the coastal
marine fishes of California. Calif. Fish Game, Fish Bull.
157, 235 p.

Monaco, M. E., R. L. Emmett, S. A. Hinton, and D. M.
Nelson. 1990. Distribution and abundance of fishes
and invertebrates in west coast estuaries, Volume I:
data summaries. ELM R Rep. No. 4. Strategic Assess-
ment Branch, NOS/NOAA, Rockville, MD,
240 p.

Nordby, C. S. 1982. The comparative ecology of
ichthyoplankton within Tijuana estuary and in adjacent
nearshore waters. M.S. Thesis, San Diego State
Univ., San Diego, CA, 101P.

Prasad, R. R. 1948. Life history of Clevelandia ios
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Stanford, CA, 141 p.

Reish, D.J.,andJ.A.Lemay. 1988. Bioassaymanual
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Ophiodon elongatus
Adult

,I

I 25 cm

Common Name: lingcod concentrate heavy metals (Shaw and Hassler 1989).
Scientific Name: Ophiodon elongatus

i, Other Common Names: cultus cod (McClane 1978) ~,£.~: This species is a major predator of smaller
Classification (Robins et al. 1980) fishes and crustaceans in rocky reef habitats and kelp
Phylum: Chordata beds.

I Class: Osteichthyes
. Order: Perciformes Range

Family: Hexagrammidae Overall: The lingcod is found along coastal areas from
1 Baja California to Kodiak and Shumigan Islands in the
’. Value Gulf of Alaska (Hart 1973). It is most abundant from
, Commercial: The lingcod is an important commercial Point Conception, California, to Cape Spencer, Alaska

i
species, with over 4,000 t landed in 1985, worth $2.9 (MBC Applied Environmental Sciences 1987).
million (National Marine Fisheries Service 1986). It is
harvested from California to Alaska using trawls, long Within Study Area: The lingcod is common in Puget

I lines, and gill nets. Since the 1960s, there has been a Sound and presentin manyotherestuadesofthe study
general reduction of commercial catches in both area (Table 1) (Monaco et al. 1990). Small coastal
CanadianandAmericanwaters (Bargmann 1981,Cass estuaries are used primarily by juveniles.
1981). It is the eighth most important commercial
species in Puget Sound, Washington (by dollar value) Life Mode
(Bargmann 1981). In Washington coastal waters, Eggs are demersal and adhesive. Larvae and small
most commercial catches occur between 40 and 100 juveniles (<70 mm long) are epipelagic, while larger
fathoms (80-200 m) (Jagielo 1988). juveniles and adults are demersal (Miller and Geibel

1973). Adults are found in madne waters, intertidally
Becreational: This is a prized sport fish because of its and deeper (down to approximately475 m), but are
size and excellent taste (Eschmeyer et al. 1983). It is most abundant at depths between 100-150 m (Allen
the top California sport fish (by poundage) between Pt. and Smith 1988) Juveniles settle out of the plankton
Arguello and the Oregon border (Frey 1971), and the into nearshore shallow-water areas (<20 m deep),
seventh most important sport fish in Puget Sound (by often where there is some freshwater runoff and lower
number) (Bargmann 1981). This species is taken by salinities (Day et al. 1986).
anglers using hook and line from boats, piers, and
shore, and also by spearfishing divers. Habitat

~_3.!2g: Eggs are laid in marine, rocky subtidal areas (to
Indicator of Environmental Stress: Eggs require well- at least 19 m below low tide) where adults reside. The
oxygenated water (Giorgi and Congleton 1984). Oil pelagic larvae occur in the near-surface waters in
and other petrochemical spills may reduce populations marine and estuarine areas (Hart 1973). Juveniles are
(Shaw and Hassler 1989). The lingcod may also found in intertidal areas of shallow estuarine bays and
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I Lingcodcontinued

(MBC Applied Environmental Sciences 1987).

I Table 1. Relative abundance of lingcod in 32
U.S. Pacific coast estuaries. Migrations and Movements: Adults apparently move

Life Stage into shallow-water habitats during the spawning season

I¯
Estuary ii.:A~) S J L E (winter)(MillerandGeibe11973),butingeneral, adults

Puget Sound ii~) (~’iO O::0 Re{ative abundance: are relatively sedentary. In spring, pelagic larvae
Hoed Canal . ~!:(~J:~l:0 I Highly abundant (approximately 20 mm in length) are transported

¯
SkagitBay ~’t:~ O :~’i"~) (~ Abundant inshore. In late spring, (May and June)juveniles settle

Gray, Harbor !:.:::.: ..:;:.i: :: i.0 i~} !:: O Common out or move into shallow-water coastal areas and¯ WillapaBay O O ~’ q R~re estuaries (Phillips and Barraclough 1977). Juveniles
Columbia River ~/

Blank Not present appearto move away from shallow-watersandy habitats

I Nehalem Bay O in the fall and early winter, but like adults, do not appear
Tillamook Bay O Life stage: to show extensive migrations.

Net~rt, Bay ~:::.:::’ ?~",:i:::!i:,::" A-Adult,
S - Spawning adults

I Siletz River J - Juveniles Reproduction
YaquinaBay ~i i!O L-Larvae Mode: The lingcod is gonochoristic, oviparous, and

Alsea River :.’!i;.i!!i:: ?i:.: !i:~.! :::::::::::::::::::::
E-Eggs iteroparous; eggs are fertilized externally.

Siuslaw River q

I UmpquaRiver O Mating/Spawning: Spawning occurs from November
coo, Bay ~/ O O toMarchoffCalifornia, andDecembertoMarch/Aprilin

Rogue River Puget Sound (LaRiviere et al. 1981). Peak spawning

I Klamath River takes place in December and January in California
Humboldt Bay !~: !:~ i~ :~ ii~ (Miller and Geibel 1973), and February and March in

Eel River ii’.:. ..: :;"...: . ~i::.::;.:: Washington (LaRiviere et al. 1981 ). Females extrude
. Tomales Bay iI: i~ ’©~ i.:.::i::: eggs, along with a yellow secretion, directly onto theI Cent. SanFran. Bay* O O spawning site. TheeggsadheretotherocksandeachIncludes Central San

South San Fran. Bay
.,,/! Francisco, Suisun,

a~ s~, ~o~s. other. The male then swims over the egg mass and
ElkhornSIough q fertilizes them with his milt. The egg laying and

I Morro Bay ’,/! fertilization continues until the female leaves the nest
Santa Monica Bay :ii~ iii~!:! i! !:E:i :;iiii.=~ site (Wilby 1937). The male stays and guards the eggs

San Pedro Bay i::;~i :’i~!. !~ii:.!~!~ and may fan the eggs with his pectoral fins (Garrison

I A~to~Bay and Miller 1982). Males may be monogamous or
Anaheim Bay polygamous and are commonly found guarding more
Newport Bay than one egg mass (Garrison and Miller 1982). Larger

i
Mission Bay fish often spawn earlier than smaller fish.

San Diego Bay

-I’ijuanaEstuary Fecundity: From 6,000-500,000 eggs can be laid,
A S J L E depending on the size of the female (Phillips 1959).

I to at least 61 m depth in the ocean (Miller and Geibel Growth and Development
1973). This species is commonlyfoundonsteeprocky .Egg Size and Emb .ryonic Development: Eggs are

I reefs, nearalgae and seagrass beds, and in areas with spherical and 2.8 mm in diameter when laid, and 3.5
strongtidalcurrents. Malesareusuallyfoundinwaters mm in diameter after fertilized and water hardened
<185 m deep. (Wilby 1937). The egg mass can be large, up to 33 kg

(Forrester 1969). Embryonic development is indirectI laid in and and external, hatch in about 6 withSubstrate: Eggs are rocky crevices Eggs weeks, eggs
overhangs. Juveniles are found on sandy bottoms, on the outside of the mass hatch first (Jewel11968).
while adults prefer rocky reefs or kelp beds.

I Age and Size of Larvae: Larvae are approximately 7
Physical/Chemical Characteristics: Currents may mm long at hatching and grow to 55 mm in length
influence spawning site selection and eggs are usually before metamorphosis (MBC Applied Environmental

I laid in euhaline areas having swift currents (Giorgi Sciences 1987).
1981, Giorgi and Congleton 1984). Juveniles are
found in marine and mixing zones of estuaries, but their Juvenile Size Range: Juveniles grow from 5.5 to 60.0
salinity tolerances are unknown. Adults are typically cm long (female) or 50.0 cm long (male) in CaliforniaI found in marine waters at temperatures of 5-15°C .beforereachingmaturity(MillerandGeibe11973). Fish
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Lingcod continued

in more northerly populations tend to grow larger References
before reaching maturity.

Allen, M. J., and G. G. Smith. 1988. Atlas and
Age and $i;~eof Adult~: In California, most females zoogeographyofcommonfishesintheBeringSeaand
mature at 60.0 cm total length (TL) (3 years), and most northeastern Pacific. NOAA Tech. Rep. NM FS 66,
males at 50.0 cm TL (some 2 years) (Miller and Geibel 151 p.
1973). The lingcod matures at slightly larger sizes
north of California (Hart 1973), but grows faster in the Bargmann, G. 1981. Management of lingcod in Puget
southern part of their range, where both males and Sound. In A. Cass (chairman), Proceedings of the
females average 50.0 cm after 3 years. Female February25-26, 1981 international lingcod workshop,
lingcod can growto morethan 152cm long (Eschmeyer p. 103-115. Unpubl. Rep., Pacific Biol. Sta., Nanaimo,
et al. 1983), 32 kg, and 20 years old (Miller and Geibel B.C., Canada.
1973). However, males usually never grow longer than
90 cm (MBC Applied Environmental Sciences 1987). Bargmann, G. G. 1982. The biology and fisheries for

lingcod (Ophiodon elongatus) in Puget Sound. Tech.
Food and Feeding Rep. 66, Wash. Dept. Fish., Olympia, WA, 69 p.
Trophic Mode: Larvae are carnivorous zooplanktivores.
Juveniles and adults are carnivorous. Buckley, R., G. Hueckel, B. Benson, S. Quinnell, and

M. Canfield. 1984. Enhancement research on lingcod
Food Items: Larvae eat copepods, copepod nauplii (Ophiodon elongatus) in Puget Sound. Prog. Rep.
and eggs, and othercrustaceans. Small juveniles feed 216, Wash. Dept. Fish., Olympia, WA0 93 p.
on crustaceans, but as they grow they concentrate
their feeding on small fishes. Adults are top-level Cass, A. 1981. Juvenile lingcod purse seine survey
carnivores and feed on Pacific herring (Clupea and its application to estimate densities during pelagic
harengus), sand lance (Ammodytes hexapterus), development. In A. Cass (chairman), Proceedings of
flounders, Pacific hake (Merluccius productus), the February 25-26, 1981 international lingcod
rockfishes (Sebastes spp.), and large crustaceans, workshop, p. 73-102. Unpubl. Rep., Pacific Biol. Sta.,
They are also cannibalistic (Hart 1973). However, Nanaimo, B.C. Canada.
females do not eat during spawning (MBC Applied
Environmental Sciences 1987). Day, M. E., C. A. Coomes, P. L. Striplin, and D. Grosse.

1986. Review and annotated bibliography of juvenile
Biological Interactions lingcod and flatfish populations inhabiting Grays Harbor
Predation: Invertebrates (gastropods, crabs, starfishes, with reference to potential adverse impacts caused by
sea urchins) and vertebrates [spiny dogfish (Squalus dredging. Final Rep. to U.S. Corps of Eng., Seattle
acanthias) and Pacific staghorn sculpin (Leptocottus District, Seattle, WA, 140 p.
armatus)] prey on eggs (LaRiviere.et al. 1981, MBC
Applied Environmental Sciences 1987). Larvae and Eschmeyer, W. N., W. S. Herald, and H. Hammann.
juveniles are eaten by other fishes, including adult 1983. A field guide to Pacific coast fishes of North
lingcod. Besides humans, probably only marine America. Houghton Mifflin Co., Boston, MA, 336 p.
mammals and large sharks are predators on adults.

Forrester, C. R. 1969. Life history information on some
Factors Influencing PoDulations: Overfishing can be a groundfish species. Fish. Res. Board Can. Tech. Rep.
problem because of this species’ slow growth and No. 105, 17 p.
limited mobility (Bargmann 1982). Poor water circulation
reduces embryo survival (Giorgi and Congleton 1984). Frey, H. W. 1971. California’s living marine resources
Estuarinedredgingmayalter.naturalopen-sandrearing and their utilization. Calif. Dept. Fish Game,
areas (Buckley et al. 1984). Predation, cannibalism, Sacramento, CA, 148 p.
disease, and poor larval survival may limit recruitment.
Year-class strength apparently varies widely due to Garrison, K. J., and B. S. Miller. 1982. Review of the
many factors (Cass 1981, Day et al. 1986).          early life history of Puget Sound fishes. Fish. Res. Inst.,

Univ. Wash., Seattle, WA, 729 p (FRI-UW-8216).

Giorgi, A. E. 1981. The environmental biology of the
embryos, egg masses and nesting sites of the lingcod,
Ophiodon elongatus. NWAFC Proc. Rep. 81-06, 107
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Lingcod continued

p. Northwest Alaska Fish. Cent., Natl. Mar. Fish. Sew., Can. Fish. Mar. Serv. Tech. Rep. No. 756, 35 p.
NOAA, 2725 Montlake Blvd. E., Seattle, WA, 98112.

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brooker,
¯ Giorgi, A. E., and J. L. Congleton. 1984. Effects of E.A. Lachner, R. N. Lea, and W. B. Scott. 1980. A list

currentvelocityondevelopmentandsurvivaloflingcod, of common and scientific names of fishes from the
Ophiodon elongatus, embryos. Env. Biol. Fish. 10(1/ United States and Canada. Am. Fish. Soc. Spec. Publ.
2):15-27. No. 12, Am. Fish. Soc., Bethesda, MD, 174 p.

Hart, J. L. 1973. Pacific fishes of Canada. Fish. Res. Shaw, W.N.,andT.J.Hassler. 1989. Species profiles:
Board Can., Bull. No. 180.740 p. life histories and environmental requirements of coastal

fishes and invertebrates (Pacific Northwest)--Iingcod.
Jagielo, T. 1988. Thespatial,temporal, andbathymetric U.S. FishWildl. Serv. Biol. Rep.82(11.119), U.S.Army
distribution of coastal lingcod trawl landings and effort Corps Eng., TR EL-82-4, 10 p.
in 1986. Prog. Rep. No. 268, Wash. Dept. Fish,
Olympia, WA, 46 p. Wilby, G.V. 1937. The lingcod, Ophiodon elongatus,

Girard. Bull. Biol. Board Can. 54:1-24.
Jewell, E. D. 1968. SCUBA diving observations on
lingcod spawning at a Seattle breakwater. Wash.
Dept. Fish., Fish Res. Pap. 3:27-34.

LaRiviere, M. G., D. D. Jessup, and S. B. Mathews.
1981. Lingcod, Ophiodon elongatus, spawning and
nesting in San Juan Channel, Washington. Calif. Fish
Game 67(4) :231-239.

MBCApplied EnvironmentalSciences. 1987. Ecology
of important fisheries species offshore California. Min.
Man. Serv., U.S. Dept. Int., Wash., D.C., 251 p.

McLane, A.J. 1978. McClanes field guideto saltwater
fishes of North’America. Holt, Rinehart, and Winston,
Inc., New York, NY, 283 p.

Miller, D. J., and J. J. Geibel. 1973. Summary of blue
rockfish and lingcod life histories; a reef ecology study;
and giant kelp, Macrocystis pyrifera, experiments in
Monterey Bay, California. Calif. Fish Game, Fish Bull.
158, 137 p.

Monaco, M. E., R. L. Emmett, S. A. Hinton, and D. M.
Nelson. 1990. Distribution and abundance of fishes
and invertebrates in west coast estuaries, Volume I:
data summaries. ELM R Rep. No. 4. Strategic Assess-
ment Branch, NOS/NOAA, Rockville, MD,
240 p.

National Marine Fisheries Service. 1986. Fisheries of
the Unite8 States, 1985. Current Fishery Statistics No.
8368. U.S. Dept. Comm., NOAA, Nat. Mar. Fish. Sew.,
Nat. Fish. Stat. Prog., Washington, D.C., 122 p.
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Phillips, A. C., and W. W. Barraclough. 1977. On the
early life history of the lingcod (Ophiodon elongatus).
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Leptocottus armatus
Adult

i
i . 5 cm

Common Name: Pacific staghorn sculpin Within Study Area: It occurs in all estuaries within the
Scientific Name: Leptocottus armatus study area (Table 1) (Monaco et al. 1990).i ., Other Common Names: staghorn sculpin, bullhead,
cabezon, buffalo sculpin, smooth cabezon (Gates and Life Mode
Frey 1974) Eggs are demersal, adhesive, and are probably laid in

I Classification (Robins et al. 1980) marine waters. Larvae are planktonic (marine and
Phylum: Chordata estuarine), and juveniles and adults are demersal.
Class: Osteichthyes

i Order: Perciformes Habitat
Family: Cottidae T_.y_p__~: This is a euryhaline species. Juveniles are found

in shallow water, riverine, estuarine, and marine
Value habitats. Older and larger Pacific staghorn sculpins

’~ Commercial: This species has no commercial value, reside in marine and highly saline estuarine areas
(Wydoski and Whitney 1979).

Recreational: The Pacific staghorn sculpin is usually
captured incidentally with otherfisheries, such asthose Substrate: Newly-settled juveniles prefer clean sand
for sturgeon (Acipenser spp.) and salmon (Marliave 1975, cited by Garrison and Miller 1980).
(Oncorhynchusspp.), and isthusconsidered a nuisance Older juveniles and adults are also found primarily in
by some. It is not usually consumed by anglers, but is sandy habitats. Planktonic larvae and benthic living
easilycaptured in shallow waters and sometimes used juveniles and adults can be found over substrates
as bait (Reish 1968). ranging from soft mud to rock (Wang 1986).

I Indicatorof Environmental Stress: Sincethis species is Ph_vsical/Chemical Characteristics: The location of egg
distributed throughout most Pacific coast estuaries masses has not been discovered (Garrison and Miller
and may spend its entire life within estuaries, it is a 1980). However, optimum egg survival and

. target species of the National Status and Trends development in the laboratory occurs in salinities of
Program (Ocean Assessments Division 1984). 26%0, while best larval survival occurs in salinities of

10.2-17.6%o (Jones 1962). Juveniles withstand larger

i Ecological:The Pacific staghorn sculpinis an important fluctuations in salinity and are more tolerant of low
predator of ghost shrimp, Callianassa cafiforniensis salinity tha.n eggs, larvae, or adults (Jones 1962).
(Posey 1986). It is a common estuarine fish that is Small juveniles are found intertidally, while’ larger
eaten by various fishes, birds, and mammals, juveniles and adults are found subtidally. This species

I is not normally found below 50 m depth. Juveniles
; Range have wide salinity and temperature tolerances,

Overall: This species is found from southern California withstanding salinities near 67.5%0 at 25°C, 37.5%0 at

I to the Gulf of Alaska (Wydoski and Whitney 1979). 29°C, and 0.0%0 at 10°C (Morris 1960).
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Pacific staghorn sculpin continued

Mating/S.Dawning: Spawning occurs from October to
Table 1. Relative abundance of Pacific staghorn March or April, peaking in January and Februa.ry (Jones

sculpin in 32 U.S. Pacific coast estuaries. 1962, Wang 1986).
Life Stage

Estuary    A S J L E Fecundity: Fecundity averages 5,000 eggs per female
Puget Sound ~:~ i~)’ ~:~ i:i~)i ~:~ Relative abundance: (Jones 1962) and ranges from 2,000-11,000 eggs per
Hood Canal ~ :~)i :(~] 8 ~::~ ¯ Highly abundant female (Moyle 1976).

Grays Harbor i(~"I ~ !:~ 5 ;~) O Common Growth and Development
WillapaBay ~) O (~] O O

"q Rare Egg Size and Embryonic Development: Eggs are1.36-
Columbia River (~] O (~)I O O

Blank Notpresent 1.50 mm in diameter (average 1.43 mm). Embryonic
Nshalem Bay ~ ~ O development is indirect and external: Eggs hatch in 9-
Tillamook Bay (~ O(~ O O Life stage: 14 days after fertilization at 15+5°C.
Netar Bay A-Adu,ts

S - Spawning adults
Sffetz River i~: ’d i:~]i ~J. ii~ J-Juveniles Age and Size of Larvae: At hatching, larvae range from

YaquinaBay ::.~::~:i~!!~ii~ L-Larvae 3.9-4.8 mm total length (TL) (Jones 1962).
Alssa River izi~i.~i;i~.i’i:~"~

E-Eggs Metamorphosistojuvenile begins after about 2 months,
s~us~aw R~ver ¯ 01¯ 0 0 when larvae are 15-20 mm standard length (Matarese
Umpqua River ¯ O ¯ O O et al. 1989).

Coos Bay ¯ O ¯ O O

Rogue River ~ O (~) O O Juvenile Size Range: The juvenile size range is from
Klamath River i,~" 18 I~!i~"i~ about 20 mm to approximately 120 mm TL (Jones
Humboldt Bay :(~ ~O::~:i:~:::i!~ 1962).

Tomalss Bay :i~ :O i~i i::~ Age and Size of Adults: The Pacific staghorn sculpin
Cent. SanFran. Bay* ~) O ¯ (~] O lncludesCentralSan matures in 1 year and usually >12.0 cm TL. This

Francisco, Suisun,South San Fran. Bay (~] ® ¯ ~ ~ ~s~,P,~o~,. species can live as long as 3 years and growto 20.3 cm
ElkhornSIough O ¯ ¯ in length in California (Jones1962), and upto10 years

Morro Bay O ¯ ~ and 22.9 cm in length in Washington (Wydoski and
Santa Monica Bay i’:~’i ’i~/i!! ’i~i! :::.:1~:: i.::~:: Whitney 1979).

Alamitos Bay ::~ :i:01! i~:.i:O’,:::.~ Food and Feeding
Anaheim Bay ,iO :~:i!~ ::~)i!(~J TrophiG Mode:Larvae are planktivorous, while juveniles
Newport Bay ~/ and adults are carnivorous.
Mission Bay ~/ ~) O

San DiegoBay Food Items: Juveniles feed benthic andO O primarily on
TijuanaEstuary O O O epibenthic organisms, including the amphipod

A S J L E Corophium spp., other gammarids, decapod
crustaceans, and the polychaete Neanthes spp. Large

Migrations and Movements: Although notrue"migration" juveniles and adults consume fish and large crustaceans
exists, the Pacific staghorn sculpin shows seasonal (Crangon spp.) (Jones 1962, Tasto 1975, Conley
movements within estuaries. Small juveniles settle-out 1977, Smith 1980, Posey 1986).
in the lower marine areas of estuaries in winter and
then move up into freshwater areas in spring and early Biological Interactions
summer (Conley 1977). There is atendency to move Predation:This speciesis eaten bylarge fishes, ducks,
down into estuarine and then marine waters as they loons cormorants (Phalacrocorax spp.),( Gavia spp.),
grow (Jones 1962). After spawning, adults may leave gulls, and marine mammals (Tasto 1975, Treacy 1984).
shallowspawninggroundsand movetodeeperoffshore To reduce predation, the Pacific staghorn sculpin will
waters (Tasto 1975). However, many appear to spend try to partially bury itself in the sediment. It will also
their entire life in estuaries, erect its opercular spines laterally with the sharp

recurved hooks facing upward to deter predators (Tasto
Reproduction 1975).
Mode: The Pacific staghorn sculpin is gonochoristic,
oviparous, and iteroparous; eggs are fertilized Factors .Influencing Populations: Larval success
externally, probably determines overall recruitment. Newly-settling

juveniles use shallow tidal flats and pools, hence
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Paralichthys californicus
Adult

10 cm

Common Name: California halibut (Reed and MacCall 1988). Incidental catches of
Scientific Name: Paralichthys cafifornicus seabirds in gill nets set for California halibut and white
Other Common Names: Monterey halibut, bastard croaker (Genyonemus lineatus) are a problem.
halibut, chicken halibut, southern halibut, alabato
(Ginsburg 1952, Roede11953) Recreational: The California halibut is a highly desirable
Classification (Robins et al. 1980) species because of its excellent taste and large size
Phylum: Chordata (Frey 1971 ). Over 916,000 were caught by anglers in
Class: Osteichthyes 1985 (U.S. Department of Commerce 1986). Average
Order: Pleuronectiformes size caught is 2.7-3.2 kg, but pier-caught fish are
Family: Bothidae usually much smaller (Squire and Smith 1977). This

species is rarely caught in waters >18.3-27.4 m deep
Value (Squire and Smith 1977). From Morro Bay to Tomales
Commercial: The California halibut is commercially Bay, California, fishing is best from summerto early fall
fished from Eurekato San Diego, California, with most (Squire and Smith 1977). This species is caught
caught between San Francisco and San Diego (MBC primarily from piers and boats using hook and line and
Applied Environmental Sciences 1987). The center of live bait (Roede11953). In California, only fish >56 cm
the fishery was originally southern California to Baja long are legal to keep (Reed and MacCall 1988);
California, but it has shifted northward (Frey 1971 ). anglers are allowed to.take 5/day except in the Bodega
This species is harvested by set gill net, trammel net, and Tomales Bay areas (California Department of Fish
and trawl nets (Schultze 1986). Fish must be >56 cm and Game 1987)
or at least 1.8 kg (in round) or 1.6 kg dressed weight.
Moreover, no morethan 4 less than 56 cm in length can Inqticator of Environmental Stress: The size and health
be kept for noncommercial uses when caught of California halibut populations probably reflects the
incidentally in trawls. Open season for California health of southern California shallow waters because
halibuttrawlinggrounds (Point Arguelloto Point Magu) this species depends on these areas for its early life
is June 16through March 14 (Schultze 1986). California stages (see "Factors Influencing Populations").
fisherman landed an average of 534 t per year from
1983 to 1987, receiving $0.64-1.59/kg in 1987 Ecological: This is the largest Paralichthys species in
(CaliforniaDepartmentofFishandGame1988). Since U.S. waters (Ginsburg 1952). It is common along
1973, catches have steadily increased (California sandynearshoreareasandatoppredatorinnearshore
Department of Fish and Game 1988). In 1987, most sandy bottom environments in southern California.
were caught in March and the fewest in September
(California Department of Fish and Game 1988). Range
Mexican catches are highest during summer and fall ~: The California halibut’s overall range is from
(Roedel 1953). The commercial fishery is biased Magdalena Bay, Baja California, to the Quillayute
toward females because they grow faster than males River, Washington; an isolated population exists in the
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California halibut continued

Juveniles and adults are benthic ordemersal, however
Table 1. Relative abundance of California halibut they often will pursue food well off the bottom (Frey

in 32 U.S. Pacific coast estuaries. 1971). Eggs occur primarily between the 6 and 20 m
Life Stage isobaths; larvae between 12 and 45 m isobaths (Haaker

Estuary    A S J L E 1975, Plummeretal. 1983). Small juveniles are found
PugetSound i~.~!i! ii:.ili==i!!,~=~:~.1 primarily in coastal embayments and estuaries, but~. .......Relative abundance:
Hood Cana! !iiiiiii, i’:il i!ili~i’iiiiiiiii’ii::i~!ii:i¯ Highly abundant they also occur in very shallow open coastal waters-

i::i!!!i:: ;i.~i:. !i~;:=ii iiiiii ......i~) Abundant (Clark 1930, Fierstine et al. 1973, Haaker 1975, Barry
Grays Harbor ii’,i=;i’,i ~!:!ii!i:i ~:ii’!:iii iii~ii.il ~ii:.iiii:ilO Common and Cailliet 1981, Horn and Allen 1981, Plummer et al.

Willapa Bay ~/ Rare. 1983, Noah 1985, Kramer and Hunter 1987, 1988).
Blank Not present

Columbia River

Nehalem Bay Habitat
TiilamookBay Life stage" T_Zp__e.: Eggs and larvae are found primarily along a

Net~r~ Bay i:::iiill i~::i:.:::~i :.i~:~i;: :::::i:i~:::i:. i~.:i:~::!~:!A- Adu~ shallow water"band" in nearshore open coastal waters
Side=Rive, ......

~:~i . .ii
Jssp~wningadu~t~-auveni~es(AhlstromandMoser1975). Larvae <10 mm long are

Yaquina Bay i :ii:: L o L~vae found throughout the water column, primarily between
E - Eggs

Alsea River :.!i!i!iiii i!::!ii.iiii ’::’!’i : ":. the 12 and 45 m isobaths and within 2-5 km of shore
Siuslaw River (Barnett et al. 1984). Larvae are found in bays and

Umpqua River estuaries, but are not abundant there (Leithiser 1977,
Coos Bay McGowen 1977, Nordby 1982, Wang 1986). Small

Rogue River juveniles are found just outside the surf zone and in
Klamath River i::i:~;::! :ii :ii ii:il estuaries and bays (Haaker 1975, Plummer et al. 1983,
aumboldtBay iiiii!i! :’i . Kramer and Hunter 1987, 1988). Adults and older

Eel River ~:ii:ii~:i~:’:~!~;~!i:::~i ~’~:i~:i!i!:~.::.::: ...:...:.:..: i:;ii:.!:’juveniles occur nearshore, with larger and older
Tornados Bay !:iiiii !C~ ;i!ib ii:!i:i, individuals occurring deeper (to about 60 m depth)

Cent. SanFran. Bay* ~/ O O * ~,o~u~o,c~,t,a~s,, (Haaker 1975, Plummer et al. 1983). Adults are
Francisco, Suisun,South San Fran. Bay ~/ (~ O and S~n Pab~o b,y,. normally found at 6-40 m depths (Ginsburg 1952), but

ElkhornSIough ~/ ~ ~/ canbefoundto183m(Eschmeyeretal. 1983). Adults
Morro Bay ~/ O ~/ may be abundant in the surf zone du ring the spring as

Santa Monica Bay ~! ~i i~ !~ !~; they prey on spawning California grunion (Leuresthes
San Pedro Bay ~! ii~: i~ i:~! ~i tenuis) (Fitch 1958).

Alamitos Bay

Anaheim Bay !~i ;iiii;i!i; i~ ,!!! iii!iiiii! Substrate: Juveniles and adults prefer sandy bottoms
NewportBay ~/ O q! ’/ (Eschmeyer et al. 1983), but are also common near
Mission Bay O I~] rocks, sand dollar beds, and in channels entering

San Diego Bay O ~] coastal embayments (Fitch and Lavenberg 1971).
Tijuana Estuary O

A S J L E .Physical/Chemical Characteristics: The California
halibut is found in water temperatures of 10-25°C, with

GulfofCalifornia(Ginsburg 1952, Millerand Lea 1972, a preference for 20.8°C (Ehrlich et al. 1979). Young
Eschmeyer et al. 1983, Allen et al. in prep.), halibut (subyearlings and yearlings) are eurythermal,

but older halibut appear to be stenothermal (Kucas and
Within Study Area: This species is common in all bays Hassler 1986). Eggs, larvae, and adults are found in
and estuaries south of Tomales Bay, California, and euhalinewaters, butjuvenilesoftenoccurinoligohaline
abundant in most estuaries south of Point Conception. to euhaline conditions (Haaker 1975, Allen et al. in
It is rare or absent in estuaries north of Tomales Bay prep.). Juveniles are relatively tolerant of reduced
(Table 1 ) (Chapman 1963, Bane 1968, Bane and Bane dissolved oxygen and increased water temperatures
1971,MillerandLea 1972, Fierstineetal. 1973,Haaker (Waggoner and Feldmeth 1971).
1975, Cailliet et al. 1977, Horn and Allen 1981, Lockheed
Ocean Science Laboratories 1983, Wang 1986). Migr.ations and Movements: Larvae occur in a coastal

band from San Francisco to southern Baja California
Life Mode (Ahlstrom and Moser 1975). They apparently settle out
Eggs and larvae are pelagic (Ahlstrom and Moser in shallow water areas on the open coast and also in
1975, Ahlstrom et al. 1984). Larvae are most abundant bays and estu aries, placing the newly-settled juveniles
in coastal waters during March through September in or near their rearing habitat (Frey 1971, Haaker
(Ahlstrom and Moser 1975, Walker et al. 1987). 1975, Plummeretal. 1983, KramerandHunter1988).
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California halibut continued

Primary settlement times are from February to August Juvenile Size Range: Juveniles range in length from
(Kramer and Hunter 1988). Juveniles reside in bays 0.8-43.0 cm.
and estuaries for about 2-3 years and then emigrate
out to shallow open coastal waters. Males are about 20 Age and Size of Adults: Some males mature as small
cm and females 25 cm in length when they migrate as 20 cm in length (2-3 years), while females begin
(Haaker 1975). Subadults and adults generally show maturing at 37.5 cm (4-6 years) (Roedel 1953, Fitch
very limited along-shore movements (Ginsburg 1952, and Lavenberg 1971, Frey 1971, Haaker 1975). This
Haaker 1975); only afew individuals have shown large species is estimated to grow 3.8-8.8 cm/year and live
migrations (Fitch and Lavenberg 1971). Adults move to30years,withfemalesgrowingfasterandlargerthan
into shallow coastal waters (4-6 m deep) in early spring males (Frey 1971, Haaker 1975, MBC Applied
to spawn (Ginsburg 1952, Haaker 1975). Juveniles Environmental Sciences 1987, Reed and MacCall
and adults lie partially buried in the sediments when 1988). The largest California halibut reported was 1.5
inactive (Allen 1982). m total length (TL) and 33.6 kg (Miller and Lea 1972,

Squire and Smith 1977, MBC Applied Environmental
Reproduction Sciences 1987).
Mode: The California halibut is gonochodstic, oviparous,
and iteropar.ous. It is a broadcast spawner and eggs Food and Feeding
are fertilized externally. TroDhic Mode: Larvae, juveniles, and adults are

carnivorous, probably feeding primarily during the
Mating/S~awning: From larval abundance information daytime. Initially, the California halibut feeds on small
it appears that some spawning may occur year-round, invertebrates, then switches to feed almost exclusively
with most spawning from January to August (Ahlstrom on fish as it grows (Haaker 1975). This species is an
and Moser 1975, Wang 1986). In southern California, ambush feeder that locates prey by sight and possibly
spawning occurs from February to July, peaking in via the lateral line (Haaker 1975, Allen 1982, Hobson
May. The actual depth of spawning is uncertain (Allen and Chess 1987).
1988), but is known to occur over sandy substrates
(Ginsburg 1952, Frey 1971, Feder et al. 1974, Haaker Food Items: Larvae most likely feed on plankton. Small
1975 ). Successful spawning likely occurs along the juveniles feed on crustaceans (mysids, shrimp,
coastal zone from San Francisco Bay to Magdalena gammarid amphipods, harpacticoidcopepods), squids,
Bay, California, and probably in the Gulf of California octopus, and fish (gobies, killifish, and others). Large
(AhlstromandMoser1975,MBCAppliedEnvironmental juveniles and adults consume primarily fish (Haaker
Sciences 1987)o 1975, Allen 1982, Roberts et al. 1982, Plummer et al.

1983, Allen 1988); the northern anchovy (Engraulis
Fecundity: Small halibut (55.9-61.0 cm long) produce mordax) is the most common fish eaten. Other fishes
300,000 eggs every 7 days; large halibut (>114.3 cm eaten by the California halibut include sardines,
long) produce probably 1 million eggs per day when atherinids, sciaenids, gobies, embiotocids, and other
spawning (R. Lavenberg, Los Angeles Museum of flatfishes (Quast 1968, Allen 1982). Arrow gobies
Natural History, Los Angeles, CA, pers. comm.). (Clevelandia los) are particularly important prey for

juvenile halibut rearing in estuaries and bays (Haaker
Growth and Development 1975).
Egg Size and Embryonic DeveloDment: California
halibut eggs are 0.74-0.84 mmin diameter (Ahlstrom et Biological Interactions
al. 1984). Embryonic development is indirect and predation: Sea lions eat California halibut caught in
external; eggs hatch approximately 2 days after trammel nets (Fitch and Lavenberg 1971). Other
fertilization at 16°C. predators include Pacific angel shark (Squatina

califomica), Pacific electric ray (Torpedo califomica),
Age and Size of Larvae: Larvae are 2.0 mm long at large California halibut, andbottlenosedolphin(Tursiops
hatching (Ahlstrom and Moser 1975, Ahlstrom et al. truncatus) (Fitch and Lavenberg 1971, Frey 1971,
1984). The yolk-sac is depleted about 6 days after Feder et al. 1974). Parasites (both external and
hatching (Gadomski and Petersen 1988). Time to internal)commonlyattackthisspecies;infestationrates
settlement is 5-6 weeks at 16°C (Gadomski and increase with age and size of fish (Haaker 1975).
Petersen 1988), or 20-29 days at 16.3-21.9°C (Allen Parasites include isopods, copepods, nematodes,
1982). Metamorphosis occurs at a length of 7.5- trematodes, and cestodes (Haaker 1975).
9.4 mm.

Factors.Influencing PoDulations: Although landings
have increased since 1972, historical records indicate
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California halibut continued

an overall decline in the population of California halibut Bane, G. W., and A. W. Bane. 1971. Bay fishes of
(Plummer et al. 1983). Landings have fluctuated northern California with emphasis on the Bodega
widely, but are presently about 25% of those of 1920 Tomales Bay area. Mariscos Publ., Hampton Bays,
(Frey 1971, MBC Applied Environmental Sciences NY, 143 p.
1987). The population decline may be a result of large-
scale changes in the marine environment, overfishing, Barnett, A.M~, A. E. Hahn, P. D. Sertic, and W. Watson.
alterations and destruction of estuarine habitat, or a .1984. Distribution of ichthyoplankton off San Onofre,
shift in population centers (Plummer et al. 1983). California, and methods for sampling shallow coastal
Pollution,(e.g.,watersolublefractionsofcrudeoil)can waters. Fish. Bull., U.S. 82(1):97-111.
reduce hatching success, reduce size of larvae at
hatching, produce morphological and anatomical Barry, J. P., and G. M. Cailliet. 1981. The utilization of
abnormalities, and reduce feeding and growth rates shallow marsh habitats by commercially important
(MBCApplied EnvironmentalSciences 1987). Initiation fishes in Elkhorn Slough, California. Cal.-Nev. Wildl.
of feeding by larvae appears critical for larval survival Trans. 1981:38-47.
(Gadomski and Petersen 1988). Natural production
has recently been augmented by hatchery production Cailliet, G. M., B. Antrim, D. Ambrose, S. Pace, and M.
(Cro.oke and Taucher 1988). Substantial genetic Stevenson. 1977. Species composition, abundance
variation between two populations of California halibut and ecological studies of fishes, larval fishes, and
in the southern California Bight suggests that the zooplankton in Elkhorn Slough. In Ecologic and
naturalpopulation is subdivided (Hedgecock and Bartiey hydrographic studies of Elkhorn Slough, Moss Landing
1988). Wide fluctuations in young-of-the-year Harbor and nearshore coastal waters, p. 216-386.
recruitmentexist, butno exactcausehasbeenidentified Moss Landing Marine Lab., Moss Landing, CA.
(Allen 1988). Southern California estuaries and
protected shallow water habitats play a critical role in California Department of Fish and Game. 1987. 1987
the life history of this species. California sport fishing regulations. Calif. Dept. Fish

Game, Sacramento, CA, 12 p.
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Hypsopsetta guttulata
Adult

5 cm

Common Name: diamond turbot There is also an isolated population in the Gulf of
Scientific Name: Hypsopsetta guttulata California (Miller and Lea 1972).
Other Common Names: diamond flounder, turbot,
halibut, sole (Gates and Frey 1974) Within Study Area:This species is commonto abundant
Classification (Robins et al. 1980) in nearshore coastal bays and estuaries from the
Phylum: Chordata Tijuana estuary to Tomales Bay, California (Table 1)
Class: Osteichthyes (Chapman 1963, Aplin 1967, Bane and Bane 1971,
Order: Pleuronectiformes Fierstine et al. 1973, Lane 1975, Allen 1976, Cailliet et
Family: Pleu ronectidae al. 1977, Horn and Allen 1981, Noah 1985, Zedler and

Nordby 1986). It is also found adjacent to kelp beds
Value (usually buried in sand or near solid objects) between
Commercial: The diamond turbot is of little commercial the 1.2-18.2 m isobaths (Feder et al. 1974).
value because of its small size. It is usually included
with other turbots when reporting catch (Baxter 1960, Life Mode
Bane and Bane 1971 ). It has a slight iodine flavor, but Eggs and larvae are pelagic (McGowen 1977, Wang
is excellent eating (Baxter 1960, Feder et al. 1974). 1986). Juveniles and adults are benthic or demersal

(Lane 1975).
Recreational: The average weight of a sport-caught
fish is 0.6 kg. It is caught year-round, with bays and Habitat
estuaries(e.g., NewportandMissionbaysinCalifornia) ~..~: Eggs and larvae occur in estuaries (Eldridge
providing the best fishing (Squire, and Smith 1977). 1977, McGowen 1977, Wang 1986) and shallow coastal

waters, usually within 2 km of shore (Barnett et al.
Indicator of Environmental Stress: This species appears 1984). Juveniles and adults are found in bays, estuaries
to be dependent on bays and estuaries, thus population and sloughs, and nearshore coastal waters down to
sizes and fish health may reflect the condition of these 152.4m, but prefer depths <4.6 m (Roedel, 1953,
systems. It is a target species of the National Status MillerandLea 1972, Fitch and Lavenberg 1975,Squire
and Trends Program (Ocean Assessments Division and Smith 1977, Eschmeyer et al. 1983).
1984).

Substrate: Eggs and larvae are found over various
Ecological: The diamond turbot is often the dominant substrates, and juveniles and adults are found on sand
flatfish in southern California bays and estuaries (Lane and mud bottoms (Federet al. 1974, Lane 1975, Squire
1975). and Smith 1977).

Range Physical/Chemical Characteristics: Eggs and larvae
Overall: The diamond turbot is found from Magdalena arefound in euhaline-polyhalinewaters, while juveniles
Bay, Baja California to Cape Mendocino, California. and adult occur in euhaline-mesohaline conditions.
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Diamond turbot continued

Reproduction
Table 1. Relative abundance of diamond turbot Mode: The diamond turbot is gonochoristic, oviparous,

in 32 U.S. Pacific coast estuaries, and iteroparous; eggs are fertilized externally. It is
Ufe Stage probably a broadcast spawner.

A S J L
Puget Sound iii:i~i:i!!iii ii::i::iiiii::i i:ii~i~i!i:ii!:i! !iiii:iiiii:ii ::ii!!i!!i!l Relative abundance:Mating/Spawning: Larvaldistributions and abundances
Rood c~.,~ ~:iiiiiiiii iiiiiii~ !iiiiiiii!iii~iiiii...........,~i:.i~:i:i:~¯ ,~gh~ a~,(~,t indicate that spawning occurs all year with a winter

SksgltBay iiii!!iiiiii!ill ....~;ii!iiiili~;!!i~:iii~;i;~ii~;;;i’® A~un(~t peak (depending on area) (Fitch and Lavenberg 1975,
Grays Harbor iiiiiiiiii! iiiiiiiiiii: iiiiii!iii iii!!i!ii:ii         ;;:~:~:~:~:,ii::~i!::i::i::!O Common McGowen 1977, Wang 1986), Spawning has been

Wi~lape Bay -q hare recorded during September-February near Anaheim
Blank Net present Bay (Lane 1975, Gadomski and Petersen 1988), andColumbia PJver

Nahaleml~ay June-October near Richardson Bay, San Francisco
Tiliarnookl~.y I

Lifestage: Bay (Eldridge 1975, Eldridge 1977). The diamond
Na~ Say iiiiiiiii i~i~i~:~ iiiiiiiiii iiiii!iiii i !!A-Adults turbot may have a specific temperature preference for
slletz River ii!iiiiii~ ~.i~i.i~i.i., !!!!!iii!i,li!i!i!i!i ...........J -Juve~,es spawning. This temperature probably occurs in winter

YaqulnaBay i~iiiiiiiii~ !i!iiiiiiiliL-~r~aa in southern California (14-16°C) (McGowen 1977,
Alsea River i:ii...iii~i,, il;ii!i!

E- Eggs Walker et al. 1987), and spring and summer near San
Siuslaw River Francisco Bay.
Umpqua River

Coos Bay Fecundity: Unknown.
Rogue River

KlamathRiver i!iii!iii;i:iiii~.iii:iiiii!i!!!iiiii:i;iii:~ii~ii:iiiiii!i;:iiiii:iii:i!i:i! Growth and Development
:::i~;! Egg Size and Embryonic Development: Eggs are

............ ~ ~3i i::::i:.i!i!il spherical, ranging in diameter from 0.78-0.90 ram,Eel River ::!::!::iiii
Tomales Bay :i;~ii ii~iii !~! i.i~iiii averaging 0.84 mm (Eldridge 1975, Sumidaet al. 1979,

~/ ~/ i,,~ c~,t~l s~ Wang 1986). Embryonic development is indirect and
Francisco, Suisun,

South San Fran. Bay ~/ O O O ~S~,P~. external.
Elkhom Slough ~/ O

Morro Bay "q O Larval Size Range: The yolk-sac is depleted in 5 days
Santa Monlca Bay ii~ ii~ !i~iii !~ ii~] at 17°C (Gadomski and Petersen 1988). The larval life

San Pedro Bay :.!~ iii~i !~:. i~ iiO1 stage lasts at least 5-6 weeks at 16°C (Gadomski and
~ua,~tos Sa~ i~ i:i~i~i~i~ii ~i ~ i!iiiil Petersen 1988). Larvae average 1.6 mm standard
Anaheim Bay i~i":i:i:i:ii~ii~iiiii!iiii~ ~ ~ ~ ~ r " . length (SL) at hatching, and grow 7-8 mm before
Newport Say ~’q ~ ~ metamorphosis (about 11.0 mm long) (Eldridge 1975,
M{seion Bay O (~ O O Sumida et al. 1979, Gadomski and Petersen 1988).

San Diego Say
Tijuena Estuar~ -~ O q Juvenile Size Range: Juveniles settle out of the water

A S J L E columnatmetamorphosis(about11.0mmSL)(Eldridge
1975, Sumida et al. 1979, Gadomski and Petersen

The maximum salinity tolerated by juveniles and adults 1988).
is 60~’~ (Carpelan 1961). Juveniles and adults are
probably eurythermal; upper temperature limits are Age and Size of Adults: Females mature in 2-3 years
unknown. Densitiesofeggsandlarvaewerepositively (about 180 mm TL). The largest diamond turbot
correlated with distance fromthermal plant discharge reported was 46 cm TL and the heaviest was a
and dissolved oxygen, and were negatively correlated approximately 0.9 kg (Baxter 1960, Miller and Lea
with temperature and light extinction coefficients 1972, Fitch and Lavenberg 1975). Individuals 30.5-
(McGowen 1977). 38.1 cm long are probably 8-9 years old (Fitch and

Lavenberg 1975).
Migrations and Movements: Larvae appear to settle on
sandy sediments in the shallow waters in or near bays Food and Feeding
and estuaries (Lane 1975). Once individuals are in a .Trophic Mode: Larvae are planktivorous and juveniles
bay, they do not appear to move widely. However, a and adults are carnivorous. Juveniles and adults
general movement of larger fish to lower portions of appearto feed diurnally, foraging on or in the substrate
bays and estuaries is indicated and adults appear to (Lane 1975). Adult and juvenile diamond turbot in
move out of bays and estuaries to spawn (Lane 1975). Anaheim Bay, California, consumed 3.76% of their

body weight each day (Lane et al. 1979).
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Diamond turbot continued
~i Food Items: Larvae probably eat zooplankton and Baxter, J. L. 1960. Inshore fishes of California. Cali
i phytoplankton. Juveniles and adults consume Dept. Fish Game, Sacramento, CA, 80 p.

polychaetes, clams .and clam siphons, gastropods,
: ghost shrimp (Callianassa spp.), amphipods, Cailliet, G.M.,B.Antrim, D.Ambrose, S. Pace, andl~

cumaceans, vadous crustaceans, and small fish (F.itch Stevenson. 1977. Species composition, abundanc
and Lavenberg 1975, Lane 1975). Large diamond and ecological studies of fishes, larval fishes, an
turbot (P-.25 g) eat more molluscs, fish, and large zooplankton in Elkhorn Slough. In Ecologic an
crustaceans than smaller turbot (Lane 1975). hydrographic studies of Elkhorn Slough, Moss Landin

Harbor and nearshore coastal waters, p. 216-38E
Biological Interactions Moss Landing Marine Lab., Moss Landing, CA.
Predation: Predators probably include the Pacific
electric ray (Torpedo californica), Pacific angel shark California Department of Fish and Game. 1987. Delt
(Squatinacalifornica),andotherlargepiscivorousfishes ’ outflow effects on the abundance and distribution (
(Fitch and Lavenberg 1975). Birds (such as herons) San Francisco Bay fish and invertebrates, 1980-198~
and cormorants (Phalocrocorax spp.) are also Exhibit 60, entered by the Calif. Dept. Fish Game k
predators, the State Water Resources Control Board 1987 Wat~

Quality/Water Rights Proceeding on the San Francisc
Factors Influencing Po.oulations: The diamond turbot Bay/Sacramento-San Joaquin Delta. Calif. Dept. Fis
population in San Francisco Bay increases in Game, Stockton, CA, 345p.
abundance during wet years (Armor and Herrgesell
1985, California DePartment of Fish and Game 1987). Carpelan, L. H. 1961. Salinity tolerances of som
Mortality rates for 1- and 2-year-old fish are very high fishes of a southern California coastal lagoon. Copei
(Lane 1975), and many adults apparently die after 1961(1):32-39.
spawning (Lane 1975). Few adults live beyond 2years
in Anaheim Bay (Lane1975). Forlarvae, theonsetof Chapman, G. A. 1963. Mission Bay, a review c
initial feeding is important for their survival (Gadomski previous studies and the status of the sportfisher~
and Petersen 1988). Thediamondturbot is dependent Calif. Fish Game 49(1):30-43.
on bays and estuaries, hence the health of these
habitats is critical to this species’ survival. Eldridge, M. B. 1975. Early larvae of the diamon,

turbot, Hypsopsetta guttulata. Calif. Fish Gain,
References 61(1):26-34.

Allen, L. G. 1976. Abundance, diversity, seasonality Eldddge, M. B. 1977. Factors influencingdistributio
and community structure of the fish populations of of fish eggs and larvae over eight 24-hr samplings i
Newport Bay, California. M.A. Thesis, Calif. State Richardson Bay, California. Calif. Fish Game 63(2):101
Univ., Fullerton, CA, 107 p. 116.

Aplin, J.A. 1967. Biological survey of San Francisco Eschmeyer, W. N., E. S. Herald, and H. Hammanr
Bay. 1963-1966. M RO Ref. No. 67-4. Calif. Dept. Fish 1983. A field guide to Pacific coast fishes of Nort
Game, Menlo Park, CA, 131 p. America. Houghton Mifflin Co., Boston, MA, 336 p.

¯ Armor, C., and P. L. Herrgesell. 1985. Distribution and Feder, H. M., C. H. Turner, and C. Limbaugh. 197z
abundance of fishes in the San Francisco Bay estuary Observations on fishes associated with kelp beds i.
between 1980 and 1982. Hydrobiol. 129:211-227. southern California. Calif. Fish Game, Fish Bull. 160:1

144.
Bane, G. W., and A. W. Bane. 1971. Bay fishes of
northern California with emphasis on the Bodega Fierstina, H. L., K. F. Kline, and G., R. Garman. 1975
Tomales Bay area. Mariscos Publ., Hampton Bays, Fishes collected in Morro Bay, California betwee
NY, 143 p. January 1968 and December 1970. Calif. Fish Gam

59(1):73-88.
Barnett, A. M., A. E. Jahn, P. D. Sertic, and W. Watson.
1984. Distribution of ichthyoplankton off San Onofre, Fitch, J. E., and R. J. Lavenberg. 1975. Tidepool an
California, and methods for sampling very shallow nearshorefishesofCalifornia. Calif. Nat. Hist. Guide
coastal waters. Fish. Bull., U.S. 82(1):97-111. 38, Univ. Calif. Press, Berkeley, CA, 156 p.
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Pieuronectes vetulus
Juvenile

1 cm

Common Name: English sole accumulates contaminants and is a target species for
Scientific Name:Pleuronectes(orParophrys) vetulus the National Status and Trends Program (Ocean
A recent review of the family Pleuronectidae indicates Assessments Division 1984). The English sole
thatthis species maybelongtothegenus Pleuronectes apparently develops cancerous tumors as a result of
(Sakamoto 1984) exposure to contaminants (Malins et al. 1983). Three
Other Common Names: California sole, lemon sole, types of superficial papillomas have been identified
common sole, pointed nose sole, sharp nose sole from subyearling English sole; all three appear to
(Washington 1977) cause substantial mortality. Tumors and liver lesions
Classification (Sakamoto 1984) may be caused by exposure to contaminants such as
Phylum: Chordata aromatic hydrocarbons (Krahn et al. 1986, 1987).
Class: Osteichthyes
Order: Pleuronectiformes ~: The English sole is a very important flatfish
Family: Pleuronectidae in shallow-water, soft-bottom marine and estuarine

environments along the Pacific coast (Westrheim 1955,
Value Washington 1977, Hogue and Carey 1982, Krygier and
Commercial: The English sole is a moderately important Pearcy 1986).
commercial fish, which is captured primarily bytrawls.
Over 2,500 t were landed in the U.S. in 1986, primarily Range
in Washington and California (Pacific Marine Fisheries Overall: This species’ overall range is from central Baja
Commission 1987). It is the most abundant flatfish California, Mexico to Unimak Island, Alaska (Hart 1973).

¯ species in Puget Sound, Washington (Pedersen and Itismostabundant northfrom Pt.Conception, California.
DiDonato 1982). Females dominate the commercial
catch because males rarely grow to marketable size Within Study Area: Juveniles are found in all Pacific
(Pedersen and DiDonato 1982). The English sole has coast estuaries from San Pedro Bay, California, to
an "iodine" taste which some people prefer and is Puget Sound (Table 1). However, Elkhorn Slough,
marketed as fillets of sole (Clemens and Wilby 1961, California appears to be the most southern estuary
Hart 1973). ItissecondonlytoDoversole(Microstomus where they are abundant.
pacificus) in flatfish pounds landed on the Pacific coast
(Pacific Marine Fisheries Commission 1987). Life Mode

Eggs and larvae are pelagic, while juveniles and adults
Recreational:This is not an important recreational fish, are demersal (Budd 1940, Forrester 1969, Hart 1973).
although it is caught on hook and line by boat, shore,
and pier anglers. Boat anglers caught over 1,400 in Habitat
Washington waters in 1984 (Hoines et al. 1984). ~-Y-i~: Eggs are neritic and buoyant, but sink just before

hatching (Hart 1973). Larvae are also pelagic and are
Indicator of Environmental Stress: This species often found primarily in waters <200 m deep (Laroche and
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English sole continued

preference for fine sediments (Becker 1988).
Table 1. Relative abundance of English sole

in 32 U.S. Pacific coast estuaries. Physical/Chemical Characteristics: Adults are found
Life Stage primarily in marine (euhaline) waters. Juveniles and

A S J L E larvae occur in polyhaline and euhaline waters.
PugetSound J~iii~iJ!J J Relative abundance: Optimumconditionsforlarvalsurvivalwerefoundtobe
Hoodconal j ijlj.!j.j I Highly abundant salinities of 25-28%0 and temperatures of 8-9°C
s~itBar ~ ~ :~ !ii~ J ® A~n~,t (Alderdice and Forrester 1968). No spawning occurs

Grays Harbor !ii:iiiiiii iii!!iiiii:: ii~.!~_ i:i;ilJliiiO Common at temperatures below approximately 7.8°C (Jackson
Willapa Bay I~} C} ~ Rare 1981). Temperatures >18°C appear to be the upper

Columbia River ~} O Blank Not present thermal tolerance (reduced daily ration and growth) for
NehalemBay (~ O juvenile English sole (Yoklavich 1982). The upper

Tillamook Bay I O Life stage: lethal limit for this species is 26.1°C (Ames et al. 1978).

S - Spawning adults
SiletzRiverii i!i!i!i!ii;iiii’~ii~!i~ii~i:!i!iii J-Juveniles Migrations and Movements: Adults make limited

Yaquina Bay ..... !~ iii~iijiiil ij i::~ iii::i:’i::il L- L~ae migrations/movements. Those off Washington and
............ E - Eggs

A~ River ii.i.iiiii i~ii!iiii ~.i~ ~iiii!! iiiiiii!ii British Columbia show a northward post-spawning
Siusiaw River ~ O migration in the spring on their wayto summer feeding

Umpqua River i~ ~ grounds, and a southerly movement in the fall (Garrison
Coos~y ® O and Miller 1982). Tagging studies have identified

Rogue River "~ separate stocks based on this species’ limited
KlamathRiver ii::i::i::::i::iiiiii!iiii.~,!iiiiiii.i,i!iiiiiiiii! movements and meristic characteristics (Jow 1969).
Humboldt Bay iiiiiiiiii! iiiiiiiiii ii:j iii~: iiiiiiiii::i Tidal currents appear to be the mechanism by which

Eel River iiiiiiiil iii!iiiiil :!i~ i!~i iiiiiiiiii English sole move into estuaries (Boehlert and Mundy
TomalesBay iiiiiiiiiiiiiiiiiiii ii:~ iii~:;iiiiii!!i;i! 1987); larvae are transported to nearshore nursery

Cent. San Fran, Bay * ~ (~i * Indudes Central San areas (i.e., shallow coastal waters and estuaries) by
Francisco, Sulsun,

South San Fran. Bay (~ ~ ! and S~ P,=~ ~y,. these currents. Larvaemetamorphose into juveniles in
Elkhom Slough I~ q~ spring and early summer and rear until fall/winter at

Morro Bar O q, which time most emigrate to deeper waters (Olson and
Santa aonica Bay !~!. i!~ ii~ :i:~ J~i Pratt 1973). Although many postlarvae may settle

San Pedro Bay ~i iii!ii!~i~!!i ::iii~, iiii~:!~!i iiiiiiiiiiii outside of estuaries, apparently most will enter estuaries
Alami~os Bay i l i!i:.i:.i:.i:.:.:.~i3::;~; ;:;:~:;~,.~;~ during some part of their first year of life (Gunderson et
Anaheim BaY ii ~i~i~[~i~i~:.iiiiiiiiil al. 1990). Early- and late-stage larvae undergo diel
Newport Bay vertical migrations (Misitano 1970, 1976). There is a
Mission Bay general movement to deeper waters as fish grow

San Diego Bay (Ketchen 1956). Smaller fish tend to be restricted to
TijuanaEstuary shallow waters, with larger fish more abundant in

A S J L E deeper water (English 1967, Misitano 1970, Sopher
1974).

Richardson 1979). Adults are found in nearshore
coastal waters down to 550 m depth, but primarily in Repreduction
depths <250 m (Allen and Smith 1988). In Canadian Mode: The English sole is gonochoristic, oviparous,
waters, this species is commercially abundant between and iteroparous; eggs are fertilized externally (Garrison
36 and 128 m depths (Forrester 1969). JuVeniles and Miller 1982).
reside primarily in shallow-water coastal, bay, and
estuarine areas (Westrheim 1955, Ketchen 1956, Van Mating/Spawning: Spawning occurs over soft-bottom
Cleve and EI-Sayed 1969, Olson and Pratt 1973, mud substrates at depths of 50-70 m (Ketchen 1956).
Pearcy and Myers 1974, Laroche and Holton 1979, Spawningoccursfromwintertoearlyspringdepending
Toole 1980, National Marine Fisheries Service 1981, on the stock: in Monterey Bay stocks, from January to
Krygier and Pearcy 1986, Rogers et al. 1988). . May, peaking in March orApril (Budd 1940); in Bodega

Bay-Point Monterey stocks, from December to April,
Substrate: Eggs are buoyant and larvae are pelagic, peaking January or February (Villadolid 1927, cited in
Adults and juveniles prefer soft bottoms composed of Garrison and Miller 1982); in Santa Monica Bay-Santa
fine sands and mud (Ketchen 1956). In Puget Sound, Barbara Channel stocks, from December to April; in
juveniles and adults prefer shallow (<12 m deep) Eureka-Oregon border stocks from October to May
muddy substrates (Becker 1984). Males show a (Jow 1969); in Oregon stocks from January to April,
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!! English sole continued

peaking in February or March (Harry 1959); in Puget polychaetes (Toole 1980). Off Oregon, adult English
,. Sound stocks, from danua.ryto April, peaking in February sole feed on a variety of benthic organisms, but primarily

orMarch(Smithl936);inHecataStrait, BdtishColumbia polychaetes, amphipods, molluscs, ophiouroids, and
stocks, from late December to early April, peaking in crustaceans (Kravitz et al. 1976). English sole feed
February (Ketchen 1956). primarily by day, using sight and smell, and sometimes

dig for prey (Allen 1982, Hulberg and Oliver 1979).
Fecundity: Five- to six-year-old females (36-38 cm in
length) can produce about I million eggs, while large Biological Interactions
fish (43 cm long) may produce nearly 2 million eggs Predation: Larvae are probably eaten by largerfishes.
(Ketchen 1947, Harry 1959, Forrester 1969). A juvenile English sole’s main predators are probably

piscivorous birds such as great blue heron (Ardia
Growth and Development herodias), larger fishes, and marine mammals. Adults
Egg Size and Embryonic Development: Fertilized eggs may be eaten by marine mammals, sharks, and other
are spherical and average 0.98 mm in diameter (Orsi large fishes. The English sole’s sharp anterior anal
1968). Embryonic development is indirect and external, spine may provide a defense against predators (Allen
The planktonic eggs hatch in 3.5 days at 12°C, or 11.8 1982):
days at 4°C (Alderdice and Forrester 1968).

Factors Influencing Populations: Upwelling (and thus
Age and Size of Larvae: After hatching, larvae float with water temperatures) during the larval and spawning
theiryolksacup. The yolk sac is absorbed in 9-10 days period affects eventual recruitment (Ketchen 1956,
(Orsi 1968), with the planktonic larvae taking from 8-10 Kruse and Tyler 1983). Growth appears to be affected
weeks to metamorphose to benthic living juveniles byupwelling(Kreuzetal. 1982)andcohortabundance
(Laroche et al. 1982). Larvae are 2.0-2.8 mm total of age-1 fish (Peterman and Bradford 1987). Models
length (TL) at hatching (Orsi 1968) and grow to 18-26 have been developed to identify oceanographic
mm before becoming juveniles (Misitano 1976, Garrison conditions that influence English sole recruitment (Kruse
and Miller 1982). and Tyler 1983), but it appears that numerous physical

and biological parameters combine to control year-
Juvenile Size Range: Juveniles range in size from 18 class strength (Botsford et al. 1989). Important
¯ mm to about 26 cm long (depending on sex) (Harry recruitment processes include the timing of spawning,
1959). surface temperatures during larval development

onshore transport of larvae, and age- and density-
Aae and Size of Adults: Some females mature as 3- dependentgrowth and mortalityofjuveniles and youn.~
year-olds and 26 cm long, but all females over 35 cm adults (Botsford et al. 1989). At high populatior
long are mature. Males mature earlier, beginning at 2 densities, a myxosporidian disease can infect thi.,
years and 21 cm in length. All males are mature at speciesandmakeitsflesh"milky"(Hart 1973). Becaus~
lengths >29 cm (Harry 1959). In Puget Sound, all 2- the English sole uses nearshore coastal and estuarin~
year-old males are mature, but most females do not waters as nursery areas (Krygier and Pearcy 198~
mature until they are 4 years old (Smith 1936). Rogers et al. 1988), it is exposed to numerous toxi,

materials which can result in a high incidence of disease,
Food and Feeding fish in some estuaries. Sincethis species relies heavil

i TroDhic Mode: Larvae are planktivorous. Juveniles on estuaries for rearing, the alteration and pollution c
andadultsarecarnivorous, apparentlyfeedingprimarily estuarine habitats adversely affects this specie
during daylight hours (Becker 1984). (Gunderson et al. 1990).

Food Items: Larvae probably eat different life stages of References "
copepods and othersmallplanktonic organisms. Larvae
appeartohaveastrongpreferenceforappendicularians Alderdice, D. F., and C. R. Forrester. 1968. Sore
(Botsford et al. 1989). Juveniles feed on harpacticoid effects of salinity and temperature on early developme~
copepods, gammarid amphipods, cumaceans, mysids, and survival ofthe English sole (Parophrys vetulus).,
polychaetes, small bivalves, clam siphons, and other Fish. Res. Board Can. 25(3):495-521.
benthic invertebrates (Simenstad et al. 1979, Allen
1982, Hogue and Carey 1982, Becker 1984, Bottom et Allen, M.J. 1982. Functional structure of soft-botto
al. 1984). Small juvenile English sole concentrate their fish communities ofthe southern California shelf. Ph.l
feedingonharpacticoidcopepodsandotherepibenthic Diss. Univ. Calif., San Diego, CA, 577 p.
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Platichthys stellatus
I Adult

I

10 cm

Common Name: starry flounder accumulates contaminants (Ocean Assessments
Scientific Name: Platichthysstellatus Division 1984).
Other Common Names: California flounder, grindstone
flounder, greatflounder, roughjacket, diamondflounder, Ecological: The starry flounder is the most abundant
sole, flounder, emery flounder (Gates and Frey 1974, flatfish in many Pacific coast estuaries north of San
Washington 1977) Francisco Bay, California (National Marine Fisheries
Classification (Robins et al. 1980) Service 1981, Bottom et al. 1984, Pedersen and
Phylum: Chordata DiDonato 1982). It is preyfor marine mammals (Jeffries
Class: Osteichthyes et al. 1964) and piscivorous birds.
Order: Pleuronectiformes
Family: Pleuronectidae Range

Overall: The starry flounder is distributed Arctic-
Value circumboreal and found in the eastern Pacific Ocean
Commercial: The starry flounder is a moderately from Santa Ynez River, California, north through the
important flatfish species landed by the Pacific coast Bering and Chukchi Seas to Bathurst Inlet in Arctic
trawlfisheryfromtheBeringSeatoSouthemCalifornia. Canada. In the western Pacific, it is found along the
"From 1981 to 1983, an average of over 1,300 t were Kamchatka Peninsula south to Tokyo Bay, Japanonded, of which 90 ’/o were taken by U.S. fishermen. (Orcutt 1950, Okada 1955, Wilimovsky 1964, Allen and

~ost ofthe catch comes from Puget Sound, Washington Smith 1988).

~;~dersen and DiDonato 1982), and coastal areas of
On and Washington (Washington Department of Within Study Area’, This species is found in all study

~des 1985, Lukas and Carter 1987). area estuaries from Morro Bay, California (Orcutt 1950),

\~ north through Washington (Table 1) (Monaco et al.
¯ This species is a fairly important sport 1990).

~anglers from central California to Alaska. It is
~a.’r-round boats, piers, and shore (Frey Life Modefrom
Us captured primarily in estuaries and adjacent Eggs and larvae are pelagic, while juveniles and adults

~s_hallowwaters (Beardsley and Bond 1970, are demersal (Orcutt 1950, Garrison and Miller 1982,
~mith 1977, Wydoski and Whitney 1979). Wang 1985). The starry flounder is unusual in that

.. Wen caught approximately 43,000 starry along the coasts of California, Oregon, and Washington,
~.. \985 (National Marine Fisheries Service 50% are right-eyed and 50% are left-eyed; in Alaska
~

~.

70% are left-eyed, and in Japan nearly 100% are left-

~ ~yi~onmental Stres.~: This is a target
eyed (Orcutt 1950, Miller 1965, Policansky 1982a).

\ational Status and Trends Program Habitat
~ ommon in estuaries and often Z.XJ;~: Eggs are buoyant and found at the surface in
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Starry flounder continued

euhaline, but may be found in polyhaline waters.
Table 1. Relative abundance of starry flounder Juveniles preferbrackishbays (mesohaline) (Pedersen

in 32 U.S. Pacific coast estuaries, and DiDonato 1982, Simenstad 1983), but also occur

Life Stage in fresh water. Adults occur primarily in euhaline and
mesohaline waters, but are sometimes found in fresh
water (Hart 1973, Garrison and Miller 1982). This

Estuary A S J L E

Puget Sound .~i~ ~i~ ;’~ Ii0 !iiOI Relative abundance: species is found at water temperatures from 0.0 toRood cana~ ~ ~ :~ O’i~(31 ¯ Rig.~y a~,undant
i~:i~ :’~)1~ !i~’ ~ Abundant 21.5°C. Temperatures >28.0°C are lethal (Stober

O 1973).
Willapa Bay O I~ I O ~ Rare

Columbia River O (~ (~
Blank Not present Migrations and Movements: The starry flounder does

Nehatem Bay O ® not migrate extensively (Pedersen and DiDonato 1982).
fillamookBay O I~} O Lifestage: However, tagging studies have shown that there is

Netarts Bay :i!i::!" .’!i:ii"O":~"::.i:iiii:.! A- Adults some movement along the coast (Westrheim 1955). It
S - Spawning adults

SiletzRiver !~i!.i!::il ::~] i(~j.,.i.!:i:i;i J-Juveniles also has seasonal bathymetric migrations probably
YaquinaBay :~ ii(~’(~":".:’: L-Larvae related to spawning. Adults move inshore during

.... E - Eggs
AIseaRiver ~ i~ ~i =.iiiii!i!i winter and early spring and offshore during summer

SiuslawRiver (~ O O and fall. Juveniles move far up into rivers, but as they

UmpquaRiVercoos Bay oO~      o!OI
maturetheytendto reside in estuaries (Morrow 1980).

Rogue River (~1 Of Reproduction
Klamath River :i~ii;:

ii. (~! ’l~j i"i::iii:
Mode: The starry flounder is gonochoristic, oviparous,

Humboldt Ba ~

ii iC~ O~i ii::iii!iii

and iteroparous; eggs are fertilized externally (Orcutt

~] O "~/ * Includes Centra~ SanCent. San Fran. Bay* Matine/SDawnine: Spawning occurs near river mouths
Franc{sco, Suisun, - - -8outhSanFran. Bay (~} O O, and San Pablo bays. and sloughs in shallow water (<45 m deep) (Orcutt

ElkhornSIough O (~! 1950, Garrison and Miller 1982), apparently at water
Morro Ray O, temperatures of 11 °C (Alaska Department of Fish and

Sant~Mon~ Bay "~ Game 1986). Spawning may occur in and outside of
San Pedro Bay San Francisco Bay (Eldridge 1977, Wang 1986).
Alamitos Bay i..i:.. ~ . ... ,: :i::::.:i:i:i Spawning takes place primarily from winter to early

:~ .:. ,. ............... spring, depending on area: November to January near
Newpor~ Bay Elkhorn Slough (Orcutt 1950), and February to April in
Mission Bay Puget Sound and British Columbia (Smith 1936, Hart

San Diego Bay

~aEstuae 1973).

A S J L E Fecunditv: Fecundities range from 900,000 to over 11
million eggs per female, depending on female size

nearshore marine waters (Orcutt 1950, Yusa 1957). (Orcutt 1950, Garrison and Miller 1982).
Larvae are planktonic and found primarily nearshore
(within 37 km) and in estuaries (Eldridge and Bryan Growth and Development
1972, Waldron 1972, Misitano 1977, Richardson and Egg Size and Embryonic Development: Eggs are
Pearcy 1977). Juveniles commonly invade far up spherical and 0.89-1.28 mm in diameter (Orcutt 1950,
rivers (Moyle 1976), but appear to be estuarine- Yusa 1957, Garrison and Miller 1982). Embryonic
dependent. Adults have been found in marine waters development is indirect and external. Eggs hatch in
to 375 m depth, but most are captured at depths 2.8-14.7 days, dependingontemperature(Orcutt1950,
<150 m (Frey 1971, Allen and Smith 1988). Yusa 1957).

Substrate: Eggs and larvae have no substrate Age and Size of Larvae: Newly hatched larvae are
preference. Juveniles and adults prefer soft bottom 1.93-2.08 mm long (Orcutt 1950) or 2.58-3.36 mm long
types (mud, sand, gravel) but not rock (Orcutt 1950, (Yusa1957)..Larvaetake39-75daystometamorphose
Pedersen and DiDonato 1982). to bottom-dwelling postlarvae (Policansky 1982b).

Metamorphosis occurs when larvae are 6.6-7.7 mm
_Physical/Chemical Characteristics: Eggs are found in long (Policansky 1982b).
euhaline to polyhaline waters. Larvae are primarily
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Starry flounder continued

J~venile Size Ranoe: Juveniles range in size from References
approximately 7 mm (Policansky 1982b) to 17~30 cm
long, depending on se~ and location (Orcutt 1950, Alaska Department of Fish and Game. 1985. Alaska
Campana 1984). habitat management guide. Southcentral Region, Vol.

h Life histories and habitat requirements of fish and
/~ge and Size of Adults: Males mature in 2 or 3 years at wildlife. Alaska Dept. Fish Game, Juneau, AK, 429 p.
17-30 cm in length, while some females mature in 3 or
4 years at 23-35 cm; all females are mature after 4 Allen, M. J., and G. B. Smith. 1988. Atlas and
years (Orcutt 1950, Campana 1984). The maximum zoogeographyofcommonmarinefishesinthenortheast
ages reported for males and females are 24 and 17 Pacific Ocean and Bering Sea. NOAA Tech. Rep.
years, respectively (Campana1984), and the maximum NMFS 66, 151 p.
size is 91 cm (17 kg)(Orcutt 1950, Hart 1973).

Bane, G. W., and A. W. Bane. 1971. Bay fishes of
Food and Feeding northern California. Madscos Publ., Hampton Bays,
Trophic Mode: Larvae are planktivores. Juveniles and NY, 143 p.
adults are benthically-odented carnivores (Orcutt 1950).
Adults do not feed during the spawning pedod and Beardsley, A. J., and C. E. Bond. 1970. Field guide to
juveniles and adults apparently cease feeding in cold common marine and bay fishes of Oregon. Agr.. Exp.
temperatures (probably <5°C) (Orcutt 1950, Miller Sta., Sta. Bull. 607, Oregon State Univ., Corvallis, OR,
1965). 27 p.

F~~dltems:L~rv~~~~tphyt~pl~nkt~~~nd~~~pl~nkt~n.B~tt~m~D.L~~K.K.J~n~s~~~dM.J~H~rri~g~1984~
Small juveniles (<100 mm long) eat copepods and Fishes of the Columbia River estuary. Col. Riv. Est.
other small crustaceans. Larger juveniles and adults Data Dev. Prog., CREST, Astoria, OR, 113 p. plus
eat amphipods (Corophium spp. and Eogammarus appendices..
spp.), isopods, decapods (Crangon spp. and Cancer
spp.),polychaetes, bivalves(Siliquaspp.,Myaarenaria, Campana, S. E. 1983. Mortality of s~arry flounders
Macoma spp., and Yoldiaspp.), echinoderms (Ophiura (Platichthys stellatus) with skin tumors. Can. J. Fish.
spp. and Diamphiodia craterodmeta) and occasionally Aquat. Sci. 40(2):200-207.
fish [e.g., northern anchovy (Engraulis mordax)] (Orcutt
1950, Miller 1965, Bane and Bane 1971, Jewett andCampana, S. E. 1984. Comparison of age
Feder 1980, McCabe et al. 1983). determination methods for the starry flounder. Trans.

Am. Fish. Soc. 113:365-369.
Biological Interactions
Predation: The starry flounder is eaten by birds [great Eldddge, M. B. 1977. Factors influencing distribution
blue heron (Ardea herodias) and cormorants offisheggsandlarvaeovereight24-hoursamplingsin
(Phalacrocorax spp.)] and madne mammals [harbor Richardson Bay, Califomia. Calif.FishGame63(2):101-
seal (Phoca vitulina) and sea lions] (Simenstad et al. 116.
1979, Jeffries et al. 1984). To reduce predation,
|uvenilesandadultswillcoverthemselveswithsandor Eldridge, M. B., and C. F. Bryan. 1972. Larval fish
mud and change their colorto match the bottom (Orcutt survey of Humboldt Bay, California. NOAA Tech. Rep.
1950). NMFS SSRF-665, 8 p.

Factors Influencin0 PoD~latioris: Contaminants can Frey, H.W. 1971. California’s living marine resources
impairreproductivesuccess(Whippleeta11978,Spies and their utilization. Calif. Dept. Fish Game,
et al. 1985) and may cause fin erosion disease and Sacramento, CA, 148 p.
lethal skin tumors (Wellings et al. 1976, Campana
1983). Endoparasitic flukes and monogenetic Garrison, K. J., and B. S. Miller. 1982. Review of the
trematodes have been found on the gills (Bane and early life history of Puget Sound fishes. Fish. Res. Inst.,
Bane 1971). Population sizes are probably greatly Univ. Wash., Seattle, WA, 729 p. (FRI-UW-8216).
influenced by egg and larvae survival (Norcross and
Shawl984). Harvesting by commercial and recreational Gates, D. E., and H. W. Frey. 1974. Designated
fishermen may affect population sizes. Since juveniles common names of certain marine organisms of
are found almost exclusively in estuaries, alteration California. Calif. Fish Game, Fish Bull. 61:55-90.
and destruction of estuarine habitat undoubtedly affects
this species population.
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ABYSSAL ZONE---Ocean bottom at depths between 4,000 and 6,000 m.

ABYSSOPELAGIC--Living in the water column at depths between 4,000 and 6,000 m; the abyssopelagic zone.

ADDUCTOR MUSCLE--A muscle that pulls a part of the body toward the median axis of the body. In bivalve
molluscs, this muscle is used to close the shell halves and hold them together.

ALEUTIAN PROVINCE--A zoogeographic designation for the area of coastal faunal distributions that, based on
minimum temperature requirements, extends from Puget Sound, Washington, to the Bering Strait, Alaska.

ALEVINmThe larval stage of trout and salmon that feeds on its yolk sac and lives under gravel.

ALGAE--A collective, or general name, applied to a number of primarily aquatic, photosyntheticgroups (taxa) of
plants and plant-like protists. They range in size from single cells to large, multicellular forms like the giant kelps.
They are the food base for almost all madne animals. Important taxa are the dinoflagellates (division Pyrrophyta),
diatoms (div. Chrysophyta), green algae (div. Chlorophyta), brown algae (div. Phaeophyta), and red algae (div.
Rhodophyta). Cyanobacteria are often called blue-green algae, although blue-green bacteria is a preferable term.

AMPHI-NORTH PAClFIC---A population distribution where a species is distributed on the east and west rims of
the Pacific Ocean, but not on the northern rim.

AMPHIPODA--An order of laterally compressed crustaceans with thoracic gills, no carapace, and similar body
segments. Although most are <1 cm long, they are an important component of zooplankton and benthic
invertebrate communities. A few species are parasitic.

ANADROMOUS--Life cycle where an organism spends most of its life in the sea, and migrates to freshwater to
spawn.

ANTHROPOGENIC~Refers to the effects of human activities.

ARCTIC REGIONuThe oceans north of the 0°C winter isotherm. Along the Pacific coast, this corresponds to lat.
60° N in the Bedng Sea.

AREAL--Refers to a measure of area.

ASClDIAN--A tunicate (class Ascidiacea) that has a generalized sac-like, cellulose body and is usually attached
to the substratum.

BATHYAL--The zone of ocean bottom at depths of 200 to 4,000 m, primarily on the continental slope and rise.

BATHYMETRIC--A depth measurement. Also refers to a migration from waters of one depth to another.

BATHYPELAGIC--Ocean depths from 1,000 to 4,000 m.

BENTHIC~Pertaining to the bottom of an ocean, lake, or river. Also refers to sessile and crawling animals which
reside in or on the bottom.

BIGHT--An inward bend or bow in the coastline.

BIOMASS--The total mass of living tissues (wet or dded) of an organism or collection of organisms of a species
or trophic level, from a defined area or volume.
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Glossary continued

BIVALVIA--Bilaterally symmetrical molluscs (also referred to as Pelecypoda) that have two lateral calcareous
shells (valves) connected by a hinge ligament. They are mostly sedentary filter feeders. This class includes clams,
oysters, scallops, and mussels.

BOREAL REGIONmThe oceans of the northern hemisphere between the 0 and13°C winter isotherms. In neritic
waters of western North America, it extends from Point Conception, California, to the southern Bering Sea, Alaska.

BRANCHIALmA structure or location on an organism associated with the gills.

BRYOZOA~Minute, moss-like colonial animals of tl~e phylum Bryozoa.

BYSSAL THREAD--A tuft of filament, chemically similar to silk, that attaches certain molluscs to substrates.

CALCAREOUS--Composed of calcium or calcium carbonate.

CARNIVORE--An animal that feeds on the flesh of other animals. See PARASITISM and PREDATION.

CESTODE--A parasitic, ribbon-like worm having no intestinal canal; class Cestoda (e.g., tapeworms).

CHEMOTAXIS---A response movement by an animal either toward or away from a specific chemical stimulus.

CHORDATA--A phylum of animals which includes the subphyla Vertebrata, Cephalochordata, and Urochordata.
At some stage of their life cycles, these organisms have pharyngeal gill slits, a notochord, and a dorsal, hollow
nerve cord.

CILIA--Hair-like processes of certain cells, often capable of rhythmic beating that can produce locomotion or
facilitate the movement of fluids.

CIRRI--Flexible, thread-like tentacles or appendages of certain organisms.

CLINE--A series of differing physical characteristics within a species or population, reflecting gradients or
changes in the environment (e.g., body size or color).

COLONY--A group of organisms living in close proximity. An invertebrate colony is a close association of
individuals of a species which are often mutually dependent and in physical contact with each other. A vertebrate
colony is usually a group of individuals brought together for breeding and rearing young.

COMM ENSALISM--A relationship between two species, where one species benefits without adversely affecting
the other.

C~MMUN~TY-A gr~up.~f p~ants and anima~s ~iving in a specific regi~n under re~ative~y simi~ar c~nditi~ns. Further
restrictions are often used, such as the algal community, the invertebrate community, the benthic gastropod
community, etc.

COMPETITION--Two types exist - interspecific and intraspecific. Interspecific competition exists when two or
more species use one or more limited resources such as food, attachment sites, protective cover, or dissolved
ions. Intraspecific competition exist when individuals of a single species compete for limited resources needed
for survival and reproduction. This form of competition includes the same resources involved in interspecific
competition as well as mates and territories. It is generally more intense than interspecific competition because
resource needs are essentially identical among conspecifics. See NICHE.

CONGENER--Referring to members of the same genus.

CONTINENTAL SHELF--The submerged continental land mass, not usually deeper than 200 m. The shelf may
extend from a few miles off the coastline to several hundred miles.
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CONTINENTAL SLOPE--The steeply sloping seabed that connects the continental shelf and continental rise.

COPEPODA--A subclass of crustaceans with about 4,500 species, including several specialized parasitic orders.
The free-living species are small (one to several ram) and have cylindrical bodies, one median eye, and two long
antennae. One order is planktonic (Calanoida), one is benthic (Harpacticoida), and one has both planktonic and
benthic species (Cyclopoida). In most species, the head appendages form a complex apparatus used to sweep
in and possibly filter prey (especially algae). Thoracic appendages are used for swimming or crawling on the
bottom. One of the most abundant group of animals on earth, they are a major link in aquatic food webs.

CREPUSCULAR--Relates to animals whose peak activity is during the twilight hours of dawn and dusk.

CRUSTACEA--A large class of over 26,000 species of mostly aquatic arthropods having five pairs of head
appendages, including laterally opposed jaw-like mandibles and two pairs of antennae. Most have well-developed
compound eyes and variously modified two-branched body appendages. The body segments are often
differentiated into a thorax and an abdomen. Some common members are crabs, shrimp, lobsters, copepods,
amphipods, isopods, and barnacles.

CTENIDIA--The comblike respiratory apparatus of molluscs.

CTENOPHORA--A phylum of mostly marine animals that have oval, jellylike bodies bearing eight rows of comb-
like plates that aid swimming (e.g., ctenophores and comb jellies).

DECOM POSERSuBacteria and fungi that break down dead organisms of all types to simple molecules and ions.

DEMERSAL--Refers to swimming animals that live near the bottom of an ocean, river, or lake. Often refers to
eggs that are denser than water and sink to the bottom after being laid.

DEPOSIT FEEDER--An animal that ingest small organisms, organic particles, and detritus from soft sediments,
or filters organisms and detritus from such substrates.

DESICCATE--To dry completely.

DETRITIVOREuAn organism that eats small fragments of partially decomposed organic material (detritus) and
its associated microflora. See DECOMPOSER.

DIATOMS--Single-celled protistan algae of the class Baciliariophyceae that have intricate siliceous shells
composed of two halves. They range in size from about 10 to 200 microns. Diatoms sometimes remain attached
after cellular divisions, forming chains or colonies. These are the most-numerous and important group of
phytoplankters in the oceans, and form the pdmary food base for marine ecosystems.

DIEL--Refers to a 24-hour activity cycle based on daily periods of light and dark.

DIMORPHISM--A condition where a population has two distinct physical forms (morphs). In sexual dimorphism,
secondary sexual characteristics are markedly different (e.g., size, color, and behavior).

DINOFLAGELLATE--A planktonic, photosynthetic, unicellular algae that typically has two flagella, one being in
a groove around the cell and the other extending from the center of the cell.

DIRECT DEVELOPMENT--See EMBRYONIC DEVELOPMENT.

DISPERSAL--The spreading of individuals throughout suitable habitat within or outside the population range. In
a more restricted sense, the movement of young animals away from their point of origin to locations where they
will live at maturity.

DISSOCHONCH--The adult shell secreted by newly-settled clam larvae or plantigrades.
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Glossary continued

DISTRIBUTIONw(1) A species distribution is the spatial pattern of its population or populations over its
geographic range. See RANGE. (2) A population depth distribution is the proportion or number of all individuals,
or those of various sizes ~r ages, at different depth strata. (3) A population age distribution is the proportions of
individuals in various age classes. (4) Within a population, individuals may be distributed evenly, randomly, or in
groups throughout suitable habitat.

DIURNAL--Refers to daylight activities, or organisms most active during daylight. See DIEL.

ECHINODERMATA--A phylum of radially-symmetrical marine animals, possessing a water vascular system, and
a hard, spiny skeleton (e.g., sea stars, sea urchins, and sand dollars).

ECTOPARASITE--A parasite that attacks (and usually attaches to) a host animal or plant on the outside. Feeding
periods and/or attachment time may be brief compared to internal (endo-) parasites.

EELGRASS--Vascular flowering plants of the genus Zostera that are adapted to living under water while rooted
in shallow sediments of bays and estuaries.

EL NIi~iO CURRENTwAn intermittent warm water current from the tropics that overridesthe opposing cold current
along the Pacific coasts of North and South America (see GYRE). This raises near-surface temperatures,
depresses the thermocline, and often suppresses upwelling, resulting in drastic drops in primary productivity and
reduced recruitment of marine animals. This is most pronounced on the coast of Peru. Effects are not as severe
in North America, but northward shifts in distributions of "southern" species are common in El Ni~o years.

EMBRYONIC DEVELOPMENT--The increase in cell number, body size, and complexity of organ systems as an
individual develops from a fertilized egg until hatching or birth. In direct development, individuals at birth or
hatching are essentially miniatures of the adults. In indirect development, newly hatched individuals differ greatly
from the adult, and go through periodic, major morphological changes (larval stages and metamorphosis) before
becoming a juvenile.

EMIGRATION--A movement out of an area by members of a population. See IMMIGRATION.

ENDEMIC--Refers to a species or taxonomic group that is native to a particular geographical region.

EPIBENTHIC--Located on the bottom, as opposed to in the bottom.

EPIDERMAL--Refers to an animal’s surface or outer layer of skin.

EPI .FAUNA--Animals living on the surface of the bottom.

EPIPELAGIC--The upper sunlit zone of oceanic water where phytoplankton live and organic production takes
place (approximately the top 200 m). See EUPHOTIC.

EPIPHYTIC--Refers to organisms which live on the surface of a plant (e.g., mosses growing on trees).

EPIPODAL--A structure or location associated with the leg or foot; typically refers to arthropod anatomy.

ESCARPMENT--A steep slope in topography, as in a cliff or along the continental slope.

ESTUARY--A semi-enclosed body of water with an open connection to the sea. Typically there is a mixing of sea
and fresh water, and the influx of nutrients from both sources results in high productivity.

EUHALINE--Water with salt concentrations of 30-40%o.

EUPHOTIC--Refers to the upper surface zone of a water body where light penetrates and phytoplankton (algae)
carry out photosynthesis. See EPIPELAGIC.
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EURYHALINE--Refers to an organism that is tolerant of a wide range of salinities.

EURYTHERMAL--Refers to an organism that is tolerant of a wide range of temperatures.

EXTANT--Existing or living at the present time; not extinct.

FAUNA--All of the animal species in a specified region.

FECUNDITY--The potential of an organism to produce offspring (measured as the number of gametes). See
REPRODUCTIVE POTENTIAL.

FILTER FEEDER--Any organism that filters small animals, plants, and detritus from water or fine sediments for
food. Organs used for filtering include gills in clams and oysters, baleen in whales, and specialized appendages
in crustaceans and marine worms.

FINGERLING--Refers to a small juvenile fish (often a salmonid) that is about 100 mm long.

FLAGELLATE--Refers to cells that have motility organel.les or microorganisms that possess one or more
flagellum used for locomotion.

FLORA--All of the plant species in a specified region

FOOD WEB (CHAIN)--The feeding relationships of several to many species within a community in a given area
during a particular time period. Two broad types are recognized: 1) grazing webs involving producers (e.g., algae),
herbivores (e.g., copepods), and various combinations of carnivores and omnivores, and 2) detritus webs
involving scavengers, detritivores, and decomposers that feed on the dead remains or organisms from the grazing
webs, as well as on their own dead. A food chain refers to organisms on different trophic levels, while a food web
refers to a network of interconnected food chains. See TROPHIC LEVEL.

FOULING--Occurs when large numbers of plants or animals attach and grow on various structures (floats, pipes,
and pilings), often interfering with their use. Fouling organisms include barnacles, mussels, bryozoans, and
sponges.

FRESH WATER--Water that has a salt concentration of 0.0-0.5%0.

FRY--Very young fish. For trout and salmon, they are young that have just emerged from the gravel and are
actively feeding.

GAMETE--A reproductive cell. When two gametes unite they form an embryonic cell (zygote).

GASTROPODA--The largest class of the Phylum Mollusca. This group includes terrestrial snails and slugs as
well as aquatic species such as whelks, turbans, limpets, conchs, abalones, and nudibranchs. Most have external
shells that are often spiraled (but this has been lost or is reduced in some), and move on a flat, undulating foot.

They are mostly herbivorous and scrape food with a radula, an organ analogous to a tongue.

GONOCHORISTIC--Refers to a species that has separate sexes (i.e., male and female individuals).

GROUNDFISH--Fish species that live on or near the bottom, often called bottomfish.

GYRE--An ocean current that follows a circular or spiral path around an ocean basin, clockwise in the northern
hemisphere and counterclockwise in the southern hemisphere.

HABITAT--The particular type of place where an organism lives within a more extensive area or range. The
habitat is characterized by its biological components and/or physical features (e.g., sandy bottom of the littoral
zone, or on kelp blades within 10 m of the water surface).
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HAPLOSPORIDIANmA unicellular protozoan occurring in vertebrate and invertebrate hosts, often causing
disease.

HERBIVORE--An animal that feeds on plants (phytoplankton, large algae, or higher plants).

HERMAPHRODITICmRefers to an organism having both male and female sex organs on the same individual.

HOLARCTIC--The entire Arctic, including the Paleoarctic (Europe and Asia) and the Nearctic (North America).
Also, the entire arctic region in oceanography.

HYDROZOA--A class of the phylum Cnidaria. The primary life stage is nonmotile and has a sac-like body
composed of two layers of tells and a mouth that opens directly into the body cavity. A second life stage, the free-
living medusa, often resembles the common jellyfish.

HYPERSALINE--Water with a salt concentration over 40%o.

HYPOLIMNION--The cold bottom water zone of a lake below the thermocline.

IMMIGRATIONmA movement of individuals into a new population or region. See EMIGRATION, MIGRATION,
and RECRUITMENT.

INCIDENTAL CATCH--Catch of a species that was not the focus of a fishery, but taken along with the species
being sought.

INDIRECT DEVELOPMENT--See EMBRYONIC DEVELOPMENT.

INFAUNA--Animals living in bottom substrates.

INNER SHELF--The continental shelf extending from the mean low tide line to a depth of 20 m.

INSTAR-- The intermolt stage of a young arthropod.

INSULAR--Of or pertaining to an island or its characteristics (i.e., isolated).

INTERTIDAL--The ocean or estuarine shore zone exposed between high and low tides.

ISOBATH--A contour mapping line that indicates a specified constant depth.

ISOPODA--An order of about 4,000 species of dorsoventrally compressed crustaceans that have abdominal gills
and similar abdominal and thoracic segments. Terrestrial pillbugs and thousands of benthic marine species are
included. Most species are scavengers and/or omnivores; a few are parasitic.

ISOTHERM~A contour line connecting points of equal mean temperature for a given sampling period.

ITEROPAROUS~Refers to an organism that reproduces several times during its lifespan (i.e., does not die after
spawning).

KELT--A spent (i.e., spawned out) trout.

KINESIS~A randomly directed movement by an animal in response to a sensory stimulus such as light, heat, o~
touch. When the response is directed, it is called a taxis. See CHEMOTAXlS.

LACUSTRINE--Pertaining to, or living in, lakes or ponds.

LAGOONmA shallow pond or channel linked to the ocean, but often separated by a reef or sandbar.
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LARVAE--An early developmental stage of an organism that is morphologically different from the juvenile or adult
form. See EMBRYONIC DEVELOPMENT.

LATERAL LINE--A pressure sensory system located in a line of pores under the skin on both sides of most fishes.
The system is connected indirectly with the inner ear and senses water pressure changes due to water movement
(including sound waves).

LITTORAL--The shore area between the mean low and high tide levels. Water zones in this area include the
littoral pelagic zone and the littoral benthic zone.

MANTLE--The upper fold of skin in molluscs that encloses the gills and most of the body in a cavity above the
muscular foot. In squids and allies, the mantle is below the body and behind the tentacles (derived from the foot)
due to the shift in the dorsal-ventral axis. The mantle produces the shell in species having them.

MEAN LOWER LOW WATER (MLLW)--The arithmetic mean of the lower low water heights of a mixed tide over
a specific 19-year Metonic cycle (the National Tidal Datum Epoch). Only the lower low water of each tidal day is
included in the mean.

MEGALOPAE--The larval stage of a crab characterized by an adult-like abdomen, thoracic appendages, and a
developed carapace.

MEIOFAUNA--Very small animals, usually < 0.5 mm in diameter.

MERISTIC--Refers to countable measurements of segments or features such as vertebrae, fin rays, and scale
rows. Counts of these are used in population comparisons and classifications.

MESOHALINE--Water with a salt concentration of 5-18%o.

MESOPELAGIC--Ocean zone of intermediate depths from about 200-1,000 m below the surface, where light
penetration drops rapidly and ceases.

METAMORPHOSIS~Process of transforming from one body form to another form during development (e.g.,
tadpole changing to a frog). See EMBRYONIC DEVELOPMENT.

METRIC TON (t)--A unit of mass or weight equal to 2,204.6 lb.

MIGRATION--Movement by a population or subpopulation from one location to another (often periodic or
seasonal, and over long distances). Vertical migrations in the water column may be daily or seasonal within the
same area. Migrations between deep and shallow areas are usually seasonal and related to breeding. Many
marine birds and mammals have seasonal latitudinal migrations associated with breeding. See EMIGRATION,
IMMIGRATION, RANGE, and RECRUITMENT.

MILT--The seminal fluid and sperm of male fish.

MOLT--The process of shedding and regrowing an outer skeleton or covering at pedodic intervals. Crustaceans
and other arthropods molt their exoskeletons, grow rapidly, and produce larger exoskeletons. Most reptiles, bii’ds,
and mammals, molt skin, feathers, and fur, respectively.

MORPHOLOGY--The appearance, form, and structure of an organism.

MORPHOMETRICS--The study of comparative morphological measurements.

MORTALITY--Death rate expressed as a proportion of a population or community of organisms. Mortality is
caused by a variety of sources, including predation, disease, environmental conditions, etc.
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MOTILE--Capable of or exhibiting movement or locomotion.

MUTUALISM--An interactien between two species where both benefit. Some authorities consider true mutualism
to be obligatory for both species, while mutually beneficial relationships that are not essential for either species
are classified as protocooperative (e.g., the blacksmith cleaning fish eating external parasites from sea basses).

NACREOUS MATERIAL--A calcareous, lustrous secretion in the inner surface of the shell of many molluscs.
Foreign particles lodging between the inner shell surface and mantle are covered by nacre, often forming pearls.

NANOPLANKTON--Microscopic, planktonic organisms smaller than 20 microns in diameter.

NATAL--Pertaining to birth or hatching.

NEKTONIC---Refers to pelagic animals that are strong swimmers, live above the substrate in the water column,
and can move independently of currents.

NEMERTEA--A phylum of unsegmented, elongate marine worms having a protrusible proboscis and no body
cavity, and live mostly in coastal mud or sand; nemerteans.

NERITICNAn oceanic zone extending from the mean low tide level to the edge of the continental shelf. See
INNER SHELF, LITTORAL, and OCEANIC ZONES.

NEUSTON--Organisms that live on or just under the water surface, often dependent on surface tension for
support.

NICHENThe fundamental niche is the full range of abiotic and biotic factors under which a species can live and
reproduce. The realized niche is the set of actual conditions under which a species or a population of a species
exists, and is largely determined by interactions with other species.

NOCTURNAL--Refers to night, or animals that are active during night.

OCEANIC--Living in or produced by the ocean.

OCEANIC ZONE~Pelagic waters of the open ocean beyond the continental shelf. See BATHYPELAGIC,
EPIPELAGIC, ABYSSOPELAGIC, MESOPELAGIC, and NERITIC.

OLIGOHALINE~Water with a salt concentration o[ 0.5-5.0%o.

OMNIVORE--An animal that eats both plants and animals.

OOCYTES=The cells in ovaries that will mature into eggs.

OREGON PROVlNCE--A zoogeographical designation for faunal distributions that extends from Cape Flattery,
Washington, to Point Conception, California.

OTOLITHS--Small calcareous nodules located in the inner ear of fishes used for sound reception and
equilibration. They are often used by biologists to assess daily or seasonal growth increments.

OUT-MIGRATION--Movement of animals out of or away from an area (e.g., juvenile salmonids moving from rivers
to the ocean).

OVIGEROUS~The condition of being ready to release mature eggs; egg-bearing.

OVIPAROUS--Refers to animals that produce eggs that are laid and hatch externally. See OVOVIVlPAROUS
and VIVIPAROUS.
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OVIPOSITIONmThe process of placing eggs on or in specific places, as opposed to randomly dropping or
broadcasting them.

OVOVIVIPAROUS---Refers to animals whose eggs are fertilized, developed, and hatched inside the female, but
receive no nourishment from her. See OVIPAROUS and VIVIPAROUS.

PALPmAn organ attached to the head appendages of various invertebrates; usually associated with feeding
functions.

PARASITISM--An obligatory association where one species (parasite) feeds on, or uses the metabolic
mechanisms of the second (host). Unlike predators, parasites usually do not kill their hosts, although hosts may
later die from secondary causes that are related to a weakened condition produced by the parasite. Parasitism
may also be fatal when high parasite densities develop on or in the host.

PARR--Th~ freshwater life stage of juvenile salmon and trout that has a series of dark, vertical bars on its sides
(parr marks).

PARTURITION~The act of giving birth. See SPAWN.

PATHOGEN~A microorganism or virus that produces disease and can cause death.

PEDIVELIGER--The larval stage of bivalves during which a functional pedal (footlike) organ develops.

PELAGICmPertaining to the water column, or to organisms that live in the water column.

PELAGIVORE--A carnivore that feeds in the water column.

PHYLOGENY--Refers to evolutionanj relationships and lines of descent.

PHYTOPLANKTON--Microscopic plants and plant-like protists (algae) of the epipelagic and neritic zones that are
the base of offshore food webs. They drift with currents, but usually have some ability to control their level in the
water column. See ALGAE and DIATOMS.

PISCIVOROUS---Refers to a carnivorous animal that eats fish.

PLANKTIVOROUS--Refers to an animal that eats phytoplankton and/or zooplankton.

PLANKTON--See PHYTOPLANKTON and ZOOPLANKTON.

PLANTIGRADE~A young, newly settled post-larval clam.

PLEOPOgS--Paired swimming appendages on the abdomen of crustaceans.

POLYCHAETA--A class of segmented, mostly marine, annelid worms that bear bristles and fleshy appendages
on most segments.

POLYHALINE--Water with a salt concentration between 18 and 30%°.

POPULATION--All individuals of the same species occupying a defined area during a given time. Environmental
barriers may divide the population into local breeding units (demes) with restricted immigration and interbreeding
between the localized units. See SPECIES, SUBSPECIES, and SUBPOPULATION.

PREDATION--An interspecific interaction where one animal species (predator) feeds on another animal or plant
species (prey) while the prey is alive or after killing it. The relationship tends to be positive (increasing) for the
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Glossary continued

predator population and negative (decreasing) for the prey population. See PARASITISM, SYMBIOTIC,
CARNIVORE, and TROPHIC LEVEL.

PRODUCTION--Gross primary production is the amount of light energy converted to chemical energy in the form
of organic compounds by autotrophs like algae. The amount left after respiration is net primary production and
is usually expressed as biomass or calories/unit area/unit time. Net production for herbivores and carnivores is
based on the same concept, except that chemical energy from food, not light, is used and partially stored for life
processes. Efficiency of energy transfers between trophic levels ranges from 10-65% (depending on the organism
and trophic level). Organisms at high trophic levels have only a fraction of the energy available to them that was
stored in plant biomass. After respiration loss, net production goes into growth and reproduction, and some is
passed to the next trophic level. See FOOD WEB and TROPHIC LEVEL.

PROKARYOTIC--Organisms that have nuclear bodies, but lack chromosomes, nucleoli, and nuclear mem-
branes.

PROTANDRY--A type of hermaphroditism in which an individual initially develops as a male, then reverses to
function as a female. Common for some species of shrimp.

PROTISTAN--Pertaining to the e~karyotic unicellular organisms of the kingdom Protista, including such groups
as algae, fungi, and protozoans.

PROTOZOA--A varied group of either free-living or parasitic unicellular flagellate and amoeboid organisms.

PYCNOCLINE--A zone of marked water density gradient that is usually associated with depth.

RACE--An !ntraspecific group or subpopulation characterized by a distinctive combination of physiological,
biological, geographical, or ecological traits. In salmonids, a race is determined by when it returns to its natal
stream.

RADULA--A toothed belt or tongue in the buccal cavity of most molluscs that is used to scrape food particles from
a surface, or modified otherwise to serve a variety of feeding habits.

RANGE--(1) The geographic range is the entire area where a species, is known to occur or to have occurred
(historical range). The range of a species may be continuous, or it may have unoccupied gaps between
populations (discontinuous distribution). (2) Some populations, orthe entire species, may have different seasonal
ranges. These may be overlapping, or they may be widely separated with intervening areas that are at most briefly
occupied during passage on i’elatively narrow migration routes. (3) Home range refers to the local area that an
individual or group uses for a long period or life. See DISTRIBUTION and TERRITORY.

RECRUITMENT--The addition of new members to a population or stock through successful reproduction and
immigration.

RED TIDE--A reddish coloration of sea waters caused by a large bloom of red flagellates. The accumulation of
metabolic by-products from these organisms is toxic to fish and many other marine species. The accumulation
of these metabolites in sl~ellfish makes shellfish toxic to humans.

REDD--A gravel nest dug by spawning female salmon and trout. After eggs are released and fertilized by the
male, the female covers them with gravel by sweeping movements of the tail.

REPRODUCTIVE POTENTIAL--The total number of offspring possible for a female of a given species to produce
if she lives to the maximum reproductive age. This is found by multiplying the number of possible reproductive
periods by the average number of eggs or offspring produced by females of each age class. This potential is
seldom realized, but this and the age of first reproduction, or generation time, determine the maximum rate of
population increase under ideal conditions.
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Glossary continued

RESIDUALISM~ccurs when juvenile salmon smolts do not migrate to sea but revert backto parr, usually loosing
their ability to osmoregulate in seawater.

RHEOTAXlS~A response movement by an animal toward or away from stimulation by a water current.

RIVERINE--Pertaining to a river or formed by a river or stream.

ROE--The egg-laden ovary of fish, or the egg mass of certain crustaceans.

RUN--A group of migrating fish (e.g., a salmon run).

SALT WEDG E--A wedge-shaped layer of salt waterthat intrudes upstream beneath a low-density freshwater lens
that has "thinned" while flowing seaward.

SAN DIEGO PROVINCE--A zoogeographical designation for faunal distributions that, baSed on minimum
temperature requirements, extends from Point Conception, California, to Magdalena Bay, Baja California Sur.

SCAVENGER--Any animal that feeds on dead animals and remains of animals killed by predators. See
DECOMPOSER and DETRITIVORE.

SEAMOUNTmAn undersea mountain rising more than 3,000 feet (914 m) from the sea floor, but having a summit
at least 1,000 feet (305 m) below sea level (in contrast to an island).

SEDENTARY--Refers to animals that are attached to a substrate or confined to a very restricted area (or those
that do not move or move very little). See SESSILE.

SEMELPAROUS---Animals that have a single reproductive period dudng their lifespan.

SESSILE--Refers to an organisms that is permanently attached to the substrate. See SEDENTARY.

SETI’L.EMENT--The act of or state of making a permanent residency. Often refers to the period when fish and
invertebrate larvae change from a planktonic to a benthic existence.

SHOALm(1) A sand bar in a body of water that is exposed at low tide. (2) An area of shallow water. (3) A group
of fish (school). (4) As a verb, to collect in a crowd or school.

SIPHONSmThe "necks" or tubes of clams and other bivalves that carry water containing food and oxygen into
the gills, and then expels water containing waste products (exhalent siphon).

SLOUGH--A shallow inlet or backwater whose bottom may be exposed at low tide. Sloughs often border estuaries
and typically have a stream passing through them.

SMOLT--A juvenile salmon or anadromous trout that is in the process of migrating to the ocean and physiologically
adapting to seawater. Smolts are usually very silvery and have very faint parr marks. See PARR.

SPAT--Juvenile bivalve molluscs which have settled from~the water column to the substrate to begin a benthic
existence.

SPAWN~The release of eggs and sperm during mating. Also, the bearing of offspring by spedes with internal
fertilization. See PARTURITION.

SPECIES--(1) A fundamental taxonomic group ranking after a genus. (2) A group of organisms recognized as
distinct from other groups, whose members can interbreed and produce fertile offspring. See POPULATION,
SUBPOPULATION, and SUBSPECIES.
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Glossary continued

SPERMATOPHOREmA capsule or gelatinous packet (extruded by a male) containing sperm and used to transfer
sperm to females. Spermatophores are produced by certain invertebrates and some primitive vertebrates.

SPIROCHETE--A spiral-shaped, non-flagellated bacterium of the order Spirochaetales. This group can be free-
living or parasitic. Some rr~embers cause diseases.

SPIT--A long, narrow sand bar or peninsula extending into a body of water which is at least partly connected to
the shore. See SHOAL.

SPOROCYST--A simple larval stage of parasitic trematode worms. Contact with the host causes a metamorpho-
sis from an earlier stage to this stage.

STENOHALINE--Pertaining to organisms that are restricted to a narrow range of salinities, in contrast to
EURYHALINE.

¯STIPE--A thickened, stalk-like structure in kelps that bears other structures, such as blades. Also, the basal
portion of the thallus or plant body of alga.

STOCK--A related group or subpopulation. See POPULATION and SUBPOPULATION.

SUBADULTSmMaturing individuals that are not yet sexually mature.

SUBLITTORAL--The benthic zone along a coast, or lake that extends from mean low tide to depths of about
200 m.

SUBPOPULATIONmA breeding unit (deme) of a larger population. These units may differ little genetically and
taxonomically. See SUBSPECIES. Subpopulations may intergrade with some interbreeding, or they may occupy
a common seasonal range prior to the mating season. The units may have different reproduction times and be
separated spatially or temporally. See RACE, STOCK, and POPULATION.

SUBSPECIES~A taxonomic class assigned to populations and/or subpopulations when interbreeding (gene
flow) between populations is limited, and there are significant differences in some combination of characteristics
between subspecies (e.g., appearance, anatomy, ecology, physiology, and behavior). While successful
interbreeding can occurwhen the groups are in contact, under natural conditions reproductive isolation is complete
and the groups are considered distinct. Classification of such groups is based on the comparative study and
judgement of phylogenists. A second epithet for each subspecies is added to the binomial for the species (e.g.,
Oncorhynchus clarki clark1). See SPECIES, POPULATION, and SUBPOPULATION.

SUBTIDAL~See SUBLITTORAL.

SUPRALITTORAL--Ihe splash zone of land (adjacent to the sea) that is above the mean high tide level.

SUSPENSION FEEDER--An animal that feeds directly or by filtration on minute organisms and organic debris
that is suspended in the water column.

SYMBIOSISwThe relationship between two interacting organisms that is positive, negative, or neutral in its
effects on each species. See COMPETITION, MUTUALISM, PARASITISM, and PREDATION.

TAXONOMY--A system of describing, naming, and classifying animals and plants into related groups based on
common features (e.g., structure, embryology, and biochemistry).

TEMPERATE REGION--Oceanic waters between the 13 and 20°C winter isotherms. The temperate region of
the neritic zone on the Pacific coast of North America extends from Point Conception, California, to Magdalena
Bay, Baja California Sur.

284

C--O 4511 2
C-045112



Glossary continued

TEMPORALuPertaining to time. Used to describe organism activities, developmental stages, and distributions
as they relate to daily, seasonal, or geologic time periods.

TERRITORYmAn area occupied and used by an individual, pair, or larger social group, and from which other
individuals or groups of the species are excluded, often with the aid of auditory, olfactory, and visual signals, threat
displays, and outright combat.

TEST--A rigid calcareous exoskeleton produced by some echinoderms in the class Echinoidea (e.g., sea urchins
and sand dollars).

TH ERMOCLINEuA relatively narrow boundary layer of water where temperature decreases rapidly with depth.
Little water or solute exchange occurs across the thermocline, which is maintained by solar heating of the upper
water layers.

TREMATODA--A class of parasitic flatworms of the phylum Platyhelminthes. Trematodes have one or more
muscular, external suckers and are also known as flukes.

TRIPLOI DY~The occurrence of three times the haploid number of chromosomes. When genetically engineered,
randomly occurring traits be selected for commercial applications. For example, the Pacific oystermay
experiences a degradation in flesh quality associated with spawning. Non-reproducing triploid cultures avoid this
seasonal problem.

TROCHOPHORE~A molluscan lawal stage (except in Cephalopoda) following gastrulation (embryonic stage
characterized by the development of a simple gut). It is commonly ciliated, biconically shaped, and free-swimming;
it establishes an evolutionary link between annelids and molluscs, since both groups display a similar life stage.

TROPHIC LEVELwThe feeding level in an ecosystem food chain characterized by organisms that occupy a
similar functional position. At the first level are autotrophs or producers (e.g., kelps and diatoms); at the second
level are herbivores (e.g., copepods and snails); at the third level and above are carnivores (e.g., salmon and
seals). Omnivores feed atthe second andthird levels. Decomposers and detritivores may feed at alltrophic levels.
See FOOD WEB and PRODUCTION.

TROPIGAL REGION--Oceanic waters between the 20°C winter isotherms in the southern and northern
hemispheres. Tropical neriticwaters along the west coasts of North and South America extend from the southern
tip of Baja California, Mexico, to about lat. 5°S along the coast of Peru.

TURBELLARIA~A class of mostly aquatic, non-parasitic flatworms that are leaf-shaped and covered with cilia.

UPWELLING--The process whereby prevailing seasonal winds create surface currents that allow nutrient rich
cold water from the ocean depths to move into the euphotic or epipelagic zone. This process breaks down the
thermocline and increases primary productivity, and ultimately fish abundance.

VELICONCHA~A bivalve larval stage. A veliconcha has two larval shells and moves by using its velum.

VEI’IG ER--A ciliated larval stage common in molluscs. This stage forms after the trochoph0re larva and has some
adult features, such as a shell and foot.

VELUMuThe ciliated swimming organ of a larval mollusc.

VIVIPAROUS--Refers to animals that produce live offspring; eggs are retained and fertilized in the female (as
compared to OVIPAROUS).

WATER COLUMN--The water mass between the surface and the bottom.
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YEAR-CLASS--Refers to animals of a species population hatched or born in the same year at about the same
time; also known as a cohort. Strong year-classes result when there is high larval and juvenile survival; the reverse
is true for weak year-classes. The effects of strong and weak year-classes on population size and structure may
persist for years in species with long lives.. Variation in year-class strength often affects fisheries. See
DISTRIBUTION and STOCK.

ZOEA--An early larval stage of various marine crabs and shrimp; zoea have many appendages and long dorsal
and anterior spines.

ZOOPLANKTON--Animal members of the plankton. Most range in size from microscopic to about 2.54 cm in
length. They reside primarily in the epipelagic zone and feed on phytoplankton and each other. Although they
have only a limited ability to swim against currents, many undertake diel migrations. Taxa include protozoa,
jellyfish, comb jellies, arrowworms, lower chordates, copepods, water fleas, krill, and the larvae of many fish and
invertebrates that are not planktonic as adults.
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Appendices

Appendix 1" Summary table example: Spatial distribution and relative abundance

Appendix 2: Summary table example: Temporal distribution

Appendix 3: summary table example: Data reliability

Appendix 4: Presence/absence of 47 species in west coast estuaries

Appendix 5: Life history tables: Life history characteristics of 47 west coast species
Table 5A. Biogeography
Table 5B. Habitat Associations
Table 5C. Biological Attributes and Economic Value
Table 5D. Reproduction

Appendix 6: Definitions of terms used in life history tables
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West Coast Estuaries

Puget Hood Skagit Grays Willapa Columbia Nehalem Tillamook
Sound Canal Bay Harbor Bay River Bay Bay

Species/LifeStage T M S T M S T M S T M S T M S T M S T M S T M S
Blue mussel A ¯ ¯ ~ ~ ~) ¯ 0 0 0 0 0 ~) ~

Mytilis S ¯ ¯ ~ ~ ~ ¯ O i O O O IO ~) ~
edulis J ¯ ¯ i l~ I~ ~ ¯ 0 0 0 0 0 !~ I~

L II ~ ~I O0 O0 0 ~ I~
E II ®® ®I O0 O0 0 ~ ~

Pacific oyster A ¯ ¯ ¯ ¯ O I ¯ ¯ ¯ ¯
Crassostrea S

L
E

Horseneckgaper A 0 I~ ~ I~ 0 ~ C) 0 C) I~
Tresus S 0 ~ 0 0 0 0 ~
capax J 0 ~ ~ ~ 0 (~ 0 C) C) ~

L O0 ~ O0 0 0 O~
E 0 ~ 0 0 0 O ~

Pacific gaper A i~ ~ ~ !~ O O
Tresus S @ ~ ~ ~ 0
nuttallii J ~ ’~ ~ ~ 0 0

L ~’~ ~ O0
E ~,~ ~ ~ 0

California jackknife A
clam S

Tagelus j
californianus L

E
Pacificlittleneck A ¯ !I ¯ ¯ ¯ ¯ O O C) O ¯ O ~
clam S ¯ I ¯ ¯ ¯ ¯ 0 0 0 0 ¯ 0 (~
Protothaca J ¯ ~I ¯ I I ¯ 0 0 0 0 ¯ 0 ~staminea

L I!I II II O0 O0 ¯ O~
E II II II O0 O0 ¯ 01~

T M ST M S T M S T M S T M S T M S T M S T M S

Puget Hood Skagit Grays Willapa Columbia Nehalem Tillamook
Sound Canal Bay Harbor Bay River Bay Bay

West Coast Estuaries

Relative Abundance Salinity Zone Life Stage/Activity

I Highly Abundant T - Tidal Fresh A - Adults
~ Abundant M - Mixing S - Spawning
O Common S - Seawater J - Juveniles
Blank Not Present, Rare, or L- Larvae

No Data Available E - Eggs
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West Coast Estuaries

Puget Sound Hood Canal Skagit Bay
Month JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND

¯ Species/Life Stage

S ~     [       IMytilis

L ~ ’ I .......................................1 ’
E [ I

Pacific oyster A I

Crassostrea S
gigas J I

L
E

Tresus S ~

E ~ ~ r-------I

Tresus S I~1 ~

California jackknife A
clam S

Tagelus J
californianus L

E
Pacific littleneck A __
clam S ~

Protothaca J _
staminea L ~ ~

E

JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND
Puget Sound Hood Canal Skagit Bay

West Coast Estuaries

Relative Abundance Life Stage/Activity

~ Highly Abundant A - Adults
~ - Abundant S- Spawning

J - Juveniles
I"----1 Common L - Larvae

E - Eggs
Blank Not present, Rare, or

No Data Available
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West Coast Estuaries

Puget Hood Skagit Grays Willapa Columbia Nehalem Tillamooki
Sound Canal Bay Harbor Bay River Bay Bay

)ecies/Life Stage

Blue mussel A [] [] [] [] [] [] [] []
s [] [] [] [] [] [] [] []Mytilis

edulis J -[] [] [] [] [] [] [] []
E [] [] [] [] [] [] [] [] ¯

Pacific oyster     A[] [] [] [] [] [] [] []
Crassostre. S [] [] [] [] [] [] [] []

L [] [], [] [] [] [] [] []
E [] [] [] [] [] [] [] []

Horseneck gaper A [] [] [] [] [] [] [] []
Tresus S [] [] [] [] [] [] [] []
c,p~ J [] [] [] [] [] [] [] []

E [] [] [] [] [] [] [] []
Pacific gaper A [] [] [] [] [] [] [] []

s [] [] [] [] [] [] [] []Tresus
nuttallii J [] [] [] [] [] [] [] []

L [] [] [] [] [] [] [] []
E [] [] [] [] [] [] [] []

California jackknife A [] [] [] [] [] [] [] []
clam S [] [] [] [] [] [] [] []

Tage/us J [] [] [] [] [] [] [] []
california¯us L [] [] [] [] [] [] [] []

E [] [] [] [] [] [] [] []
Pacific littleneck A [] [] [] [] [] [] [] ,,,
clam S [] [] [] [] [] [] [] []

Protothaca J [] [] [] [] [] ¯ ¯ [] []
s t a m i n e a L [] [] [] [] [] [] [] []

E [] [] [] [] [] [] [] []

Puget Hood Skagit Grays Willapa Columbia Nehalem Tillamook
Sound Canal Bay Harbor Bay River Bay Bay

West Coast Estuaries

Reliability Life Stage/Activity

[] Highly Certain A - Adults
S - Spawning

[] Moderately Certain
J - Juveniles

[] Reasonable Inference L - Larvae
E - Eggs ’
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Note: Due to post-publication revisions of the presence/absence information in Volume I
(Table 5, pp. 185-197), data in this appendix has been updated and supersedes that presented inVolume I.

Index to Appendix 4: Page location of presence/absence table for each species and estuary

Common and Scientific Name

California jackknife clam (Tagolus californNnus}
Pacific littleneck clam (Protothaca staminea)

Softshell (Mya aronaria)

Bay shrimp (Crangon franciscorum)             .:

Leopard shark (Triakis somifascNta~
Green sturgeon (Acipenser medirostris)
White sturgeon (Aclpenser transmontanus)

Pacific herring ( Clupea pallasi)
Deepbody anchovy ( Anchoa compressa)
Slough anchovy (Anchoa delicatissima)

Cutthroat trout ( Oncorhynchus clark0
Pink salmon ( Oncorhynchus gorbuscha)
Chum salmon (Oncorhynchus keta)
Coho salmon ( Oncorhynchus kisutch)
Stealhead ( Oncorhynchus mykiss)
Sockeye salmon (Oncorhynchus nerka) 296 297 298 299
Chinook salmon ( Oncorhynchus tshawytscha)
Surf smelt (Hypomesus pretlosus)
Longfin smelt (Spirinchus thaleichthys)
Eulachon (Thaleichthys pacificus)
Pacific tomcod (Mtcragadus proximus)
Topsmelt (Atherinops aftinls)

Stdped bass (Morono saxatilis)
Kelp bass (Paralabrax clathratus)
Barred sand bass (Paralabrax nebulifet)
White seabass (Atractoscion nobilis)
White croaker (Genyonemus llneatus)
Shiner perch ( Cymatogastar aggrogata)
Pacific sand lance (Ammodytes hexapterus)
Arrow goby (Clevelandia los)
Ungcod ( Ophiodon elongatus)
Pacific staghorn sculpin (Leptocottus armatus)
California halibut (Paralichthys califomicus)
Diamond turbot (Hypsopsatta guttulata)
English sore ( Pleuronectes votulus)
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Append~ 4 confnued

’ Puget Hood Skagit Grays Willapa Columbia ’Nehalem Tillamook
I Sound Canal Bay Harbor Bay River Bay Bay

S_~pecies "=     T M S T M S T M S T M S T M S T M S T M S T M

L

Pa~ficga~r A ~ ~ ~ ~! ~ ~ ~
Tresus J q q q q! q q

~: ’ Tagelus J

Protothaca J q ~ ~ ~ 4 ~ ~ q ~ ~ ~
stamin~ L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Bay shrimp A ~ ~ ...........~"~ : .........q"~ ........~ ’V ~~ q~ .... ~ q ............

L~pard shark A
Triakis J
semifasciata P

transmontan~ L

L

Slough an~ovy A
Anchoa J
deli~tissima

T M S T M S T M S T M S T M S T M S T M S T M S
Puget Ho~ S~git Grays Willapa    Columbia Nehalem Tillamook
Sound Canal Bay Hater Bay River Bay Bay

Legend:
T = Tidal fresh zone A = Adults V = Species / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae

P = Pa~urition
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Appendix 4 continued

Netarts Siletz Yaquina Alsea Siuslaw    Umpqua Coos Rogue
Bay River Bay River River     River     Bay River

~__pedes T M S T M S T M S T M S T M S T M S T M S T M S
Blue mussel A

gigas L

Pacific oyster A %/
Crassostrea J %/ %/ %/ %/ %/

Pacific gaper A
Tresus J
nuttallii L %/

California jackknife clam A

californianus L ......................
Pacific littleneck clam AProtothaca J %/ %/ %/ %/ %/ %/ %/

staminea L %/ , %/ %/ %/ ~1 %/ %/

Softshell A

Panopea J
a~ta L ...................

Bay shdmp A

Dungeness crab A

magister L
Leopard shark A

Tfiakis Jsemifasciata P

medirostfis L
White sturgeon A

transmontanus L
American shad A

Alosa J

Pacifio herring A

Anchoa J

Slough anchovy AAnchoa J
delicatissima L

T M S T M S T M S T M S T M S T M S T M S T M S
Netarts Siletz Yaquina Alsea Siuslaw    Umpqua Coos Rogue
Bay River !Bay River River River Bay River

Legend:
A = AdultsT = Tidal fresh zone q = Species / lifestage is present

M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae

P = Parturition

L
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Appendix 4 continued

Klamath Humboldt Eel Tomales centra~ san 1 South San    Elkhom Morro
-~ River Bay River Bay Francisco Bay I Francisco Bey Slough Bay

_~ecies T M S T M S T M S T M S T M S * M S * * S * *

Pacific oyster A ........ ~ ~ q ...... q[ ..... q ...... ~ .........
Crassostrea J ~ ~ ~ ~ ~

~ L

nu~allii L V V V V ~

So.hell A ~ ~ ~ ~ ~ ~: ~ ~

Bay shrimp A q q ~ ~ ~ q~ ~

francis~rum L V q i q q q q q ~ q

Leopard shark A ........ q " ~ ...............................~ ........~ ~ ..........~ ’ ~ ................~ ................
Triakis J ~ ~ ~ V ~ ~ ~
semifas~ata P q q q q q

~hitesturgeon A q q q q~ ~

transmontanus L

Slough anchovy A
Anchoa J
deli~tissima L

T M S T M S T M S T M S T M S * M S * * S * *
Klamath Humboldt Eel Tomales cen~ San South San    Elkhorn Morro
River Bay River Bay Fmncis~ Bay1 Francis~ Bay Slough Bay

1 Includes San Pablo and Suisun Bays.
Legend:
T = Tidal fresh zone A = Adults q = Spedes / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S ~ Seawater zone L = Larvae
¯= Salinity zone is not present P = Pa~urition
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Appendix 4 continued

Santa San Pedro A.lamitos Anaheim Newport Mission San Diego Tijuana
Monica Bay Bay Bay Bay Bay Bay Bay Estuary

Species * * S * * S * * S * * S * * S * * S * * S * * S

Pacific oyster A
Crassostrea J

L

Pacific gaper A %/ %/ %/ ~/I’ ~/ %/ %/ %/

nuttallii L

Tagelus J

~aciflc littleneck clam A ’~/" %/ ’ ’ %/ %/ ~/ ..... ~/’ %/
Protothaca J
staminea L

japonica L
Softshell , A

Mya J
arenaria L

Bay shrimp
Crangon J
franciscorum L

Dungeness crabcancer Aj ) !ili:ii!ii:)iiiii!:iiiii)::!ii!ii::i::iiil)!!ii! ii}})ii~;!iii:i:::i::!::::::iiiiiii:i!:’i!iii:)!:il i ! i i ii flil}i!i)!iiiiiiii:i}}i:!i!!i i!)ii i !) "

Leopard shark A %/ %/ %/ %/

semifasciata P
Green sturgeon A

:::::::::::::::::::::::::::::::::::::::: :,:..,:,:.:.:.:.::~,,:.:.:.:,:,:.:.:,.

White sturgeon
Acipenser d
transmontanus L

Pacific herring A
Clupea J

___pa//asi L

Slough anchovy
Anchoa J
delicatissima L

¯ * S * * S * * S * * S * * S * * S * * S * * S
Santa San Pedro Alamitos Anaheim Newport i Mission    San Diego Tijuana
Monica Bay Bay ’ Bay Bay Bay Bay Bay ’ Estuary

Legend:
T = Tidal fresh zone A = Adults V = Species / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae
¯ = Salinity zone is not present P = Parturition
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Appendix 4 continued

Puget Hood Skagit Grays Willapa Cdumbia Nehalem Tillamook
Sound Canal ’Bay Harbor Bay River Bay Bay

Species ~ T M S T M S T M S T M S T M S T M S T M S T M S

Pink salmon A %/ %/ %/i %/ %/ q %/ %/ %/ q %/ %/ %/ %/ %/
Oncorhynchus J %/ ~ 41%/ %/ %/ %/ %/ %/

._~orbuscha L %/ "

Cohosalmon A %/ %/ %/ %/ q q %/ q q q q %/ %/ q q q q %/ %/ %/ q q %/ %/

kisutch L
Steelhead - fallOncorhynchus A         J

Steelhead - half pounder A
Oncorhynchus J

~ L

m kiss L

Oncorhynchus a

tsha tscha F L

tsha tscha LF L if!, i:.i: , ::! .........i: i:.
Chinook salmon - winter A

Oncorhynchus J
tsha tscha W

Chinook salmon - summer A
Oncorhynchus J

Surf smelt A :::::::::::::::::::::::::::::::::: ::iii::.iiii:;ii:::’i#iii!i:::,:,~!:, ::::.iiii:.!i!!i:~?:.:.i::~: i!i i :,:.i:.?:~i::?:iiii::~:::::: :::..!i:,::::::.:i:::.;:!:.i~i%::~ii ::::::::::::::::::::::::::::::::::: :i.:::iii::!:.:.i!i::~::iiii~::i ::::::::::::::::::::::::::::::::::::::

___pacificus L

Topsmelt A

T M S T M S T M S T M S T M S T M S T M S T M S
Puget Hood Skagit Grays Willapa    Columbia Nehalem Tillamook
Sound Canal Bay Harbor Bay River Bay Bay

Legend:
T = Tidal fresh zone A = Adults q = Species ! lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae
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II Appendix 4 continued

il
Netarts Siletz Yaquina Alsea Siuslaw    Umpqua Coos Rogue
Bay River Bay River River      River      Bay River

Species T M S T M S T M S T M S T M S T M S T M S T M S

Pink salmon A
Oncorhynchus J
gorbuscha L

Cohosalmon A %/ %/ %/ %/ %/ %/i %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ ~/ ~/ %/
Oncorhynchus J 4 %/ 4 4 4 4 %/ 4 4 4 4 4 4 4 %/ 4 4 4 4 4 4 4 4 4
kisutch L

1
Steelhead - half pounder A

Oncorhynchus J
mTkiss (H) L

Steelhead - summer A ’:!ii::i:iii::iiiiiii::iiiiiii:: i::ifli:.iii~:.i::i::i~: :::::::::::::::::::::::::::::::::::::::::: i%iiii::ii~::i::::ili::i~::i :::::::::::::::::::::::::::::::::::::::::::::::::::::::: :.iiii~ii::iii!ili~!::i::::i::ii~::i:: ::i::ii;::i:::i;iiiii!i:.iii::i::i::iii:;ii::i::ii ::::::::::::::::::::::::::::::::::::::::::

Steelhead - winter A

!1

Sockeyemykiss(W)salmon A

1

Chinook salmon- fall
Oncorhynchus J 4 4 V q 4 4 4 4 4 4 4 4 %/ V 4 4 4 4 V 4 4 4 4 4
tshawytscha (F) L

!1

Chinook salmon - late falI.oncorhynchus A         J

tshawytscha (LF) L
Chinook salmon - winter A ...............................................................................................................................................

1

Oncorhynchus J
tshawylscha (W) L

Chinook salmon - summer A ....................................................................................................................................

il
Oncorhynchus J
tshawytscha (Su) L

II Longfin smelt A
Spitinchus J 4

. thaleichthys L 4 4 4 4
Eulachon A :i::.:i.::::::::: .:;:.:i’ii’iii.:.:. ?:::::::::::::::::::?::::::::::::::::: :.i:.::.: .....’i’i:i!:!::i:!

I ! ...........................................................................pacificus L
Pacific tomcod A ..................%/’ "~ .........4

Microgadus J
,. proximu, L %/ %/4 %/%/ 4%/ 4%/ .

lI Topsmelt A

T M S T M S T M S T M S T M S "[ M S ,T M S T M S
Netarts Siletz Yaquina Alsea Siuslaw    Umpqua Coos R.ogue
Bay River Bay River River      River      Bay River

Legend:

II
T = Tidal fresh zone A = Adults V = Species / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is. not present
S = Seawater zone L = Larvae

L
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Appendix 4 continued

Klamath Humboldt ~ Eel Tomales centralsan ,South san    Elkhom Morro
~ River Bay River Bay -’raneisco Bay1 , Francisco Bay Slough Bay

Species T M S T M S T M S T M S T M S * M S * * S * * S

Pink salmon A
Oncorhynchus J
gorbuscha L

Chum salmon A

kisutch               L
Steelhead - fall    A

St~lhead - half ~under A
On~rhynchus J
mykiss (H) L

Steelhead -summer A ~:. ~:~;;~ ;~ ~ ’:~:. ~ ~;~ ~?~ ::~:::;~ ~ ;;:: :~;I; ~;;~:~ :: ~ :~;:~ ~:: ~: ~ ~: ~ ~ ~:.~:.~: :::":::; .......:.:~ "": :":::.:: :.:~i :~ :~ ~::; .. /.;.~ .~ ::;:: :: ~ ~:" ;: ;~.:::::::::,;" ;:~’::::~: :~ ~:~;~ ~:;~:~;~::~’~:~: ::~ :;::: ~::~ ~~ :~ ~.: :.~.;~::::;:~;~: ::~:~:~ :~;:
On~rhynchus J
mykiss

Steelhead - w,nter A

mykiss (W)

Chin~k~lmon-fall A ~’ ~ ~"’~ ’~ ’~’"~’"~" ~
On~rhynchus J q V q V q q q q q q V q l q
tsha~cha (F) L

Chino~ ~lmon - late fall A ::.v.

Chin~ salmon - winter A
On~rhynchus J
tsha~tscha (W) L

Chinook salmon - summer A
On~rhynchus J
tsha~tscha (Su) L

Longfinsmelt A q ’~"’~ q ~ qq q q q ........~~

pacificus L
Pacific tom~d A

proximus L
Topsmelt A

’~’ M S T M S T M S T M S T M S * M S * ,* S * * S
Klamath Humboldt Eel Tomales centraIsan S~thSan    Elkhom Morro
River Bay River Bay Fra~is~BaY1 Franes~ Bay Slough Bay

Legend:
1 Includes San Pablo and Suisun Bays,

T = ~dal fresh zone A = Adults q = Species / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae
¯ = Salini~ zone is not present
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Appendix 4 continued

Santa San Pedro Alamitos Anaheim Newport Mission San Diego Tijuana
Monica Bay Bay Bay Bay Bay Bay Bay Estuary

Species * * S * * S * * S * * S * * S * * S * * S * * S

Pink salmon A
Oncorhynchus J

_~9. orbuscha L

Coho salmon A
Oncorhynchus J
kisutch L

Steelhead - fall A

Steelhead - half Apounder
Oncorhynchus J

~ L

Oncorhynchus J
m kiss S L : . : . ........ :~.~::~ ::...::

Steelhead - winter A
Oncorhynchus J
m kiss~ L

Sockeye salmonOncorhynchusA         J

Chinook salmon - fall A
Oncorhynchus J

~ L

Chinook salmon - winter A
Oncor~n~us J

Chinook salmon - summer A
Oncorhynchus J

Longfin smelt
Spirinchus J
thaleichthys L

Pacific tomcod .A
Microgadus J

_~proximus L

¯ * S * * S * * S * * S * * S * * S * * S * * S
Santa San Pedro Alamitos Anaheim Newport Mission    San Diego Tijuana
Monica Bay Bay Bay I Bay Bay Bay Bay Estuary

Legend:
T = Tidal fresh zone A = Adults q = Species / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae

=̄ Salinity zone is not present
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Appendix 4 continued

Puget Hood Skagit Grays Willapa Columbia Nehalem Tillamook
~ Sound Canal Bay Harbor Bay River Bay Bay

Species T M S T M S T M S T M S T M’S T M S T M S T M S

califomiensis L
Threespine stickleback A

saxatilis L
Kelp bass A

Paralabrax J
dathratus L

nebulifer L ...............................................................................~:~:~;~;~:~’~; : :::~~:~ ............................................................................................................
White seabass A

A ~act~cion J
nobilis L

White ~oaker A ~.:~
Genyonemus J
lineatus L

Arrow goby A

:~:~:~:~:~:~:~:~:~:: " :.:::::~:~ ’ ~:, :~2..-:. :.: :.:.:.:,:.:...:.. :. ~ :...+:..-:....:.:.:+: : : ’+’.:r..: ..:.:’ :..+..:.:.:.:.:.’.’.’.’.’.,

Parali~thys~fifomicus JL
Diamond tur~t A

Hypsopse#a J
~u~ulata L

English sole A .,~:~::~:~,::,~,~:,:];~ :.~;;~::~;~;:~::::~ ......................

S~r~ {{~nder A

stellatus L
T M S T M S T M S T M S T M S T M S T M S T M S

Puget Ho~ S~git Grays ~llapa Columbia Nehalem Tillam~k
Sound Canal Bay Hater Bay River ~Bay Bay

Legend:
T = Tidal fresh zone A = Adults q = Species / lifestage is present
M = Mixing zone J = Juveniles Blank = Species / lifestage is not present
S = Seawater zone L = Larvae

P = Parturition
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Appendix 4 continued

Netarts Siletz Yaquina Alsea Siuslaw    Umpqua Coos Rogue
Bay River Bay River River River Bay River

Species T M S T M S T M S T M S T M S T M S T M S T M S

Threespinestickleback A %/ %/ %/ %/ %/i %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ %/ ’%/

Kelp bass A
Paralabrax J
clathratus L

Barred sand bass A
Paralabrax J
nebulifer L

White seabass A
- Atractoscion J
nobilis ’ L

White croaker A

Shiner perch ~A

Arrowgoby A q q q q q q q " q ....

Pacific s~ghorn sculpin A

Paralichthys J
~lifornicus L

Diamond turbot A
Hypsopse#a J

T M S T M SYa ~;nTqMaS T M S T M S T M S T M S T M S

Netar~ Sile~ Alsea Siuslaw    Umpqua C~s Rogue
Bay River :Bay River River River ~Bay qiver

Legend: A = Adults
T & Tidal fresh zone J = Juveniles ~ = Species / lifestage is present
M = Mixing zone L = Larvae Blank = Species / lifestage is not present
S = Seawater zone P = Pa~urition
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Appendix 4 continued

Klamath Humboldt Eel Tomales Central san South San    Elkhom Morro
~ River Bay River Bay Frandsco Bay1 Francisco Bay Slough Bay

Spedes T M S T M S T M S T M S T M S * M S * * S * * S

Threespine stickleback A %/

Ketp bass AParalabrax J
clathratus L

White seabass A
Atractoscion J
nob#is L

Arrow goby

Pacific s~ghorn sculpin A

Parali~thys J

Dia~nd tur~t A

~u~ulata L

S~rry flounder A

T M S T M S T M S T M S T M S * M S * * S * * S
Kiama~ ’ Humboldt Eel Tomales Central San S~th San    Elkhom Mo~o
River Bay River Bay Francis~ Bay1 Francis= Bay Slough Bay

Includes San Pablo and Suisun Bays.

Legend: A = Adults
T = Tidal fresh zone J = Juveniles q = Species / lifestage is present
M = Mixing zone L = Larvae Blank = Species / lifestage is not present
S = Seawater zone P = Parturition
* = Salinity zone not present
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Appendix 4 continued

Santa San Pedro A{amitos Anaheim Newport Mission San Diego Tijuana
Vlonica Bay Bay Bay Bay Bay Bay Bay Estuary

Species * * S * * S * * S * * S * * S * * S * * S * *
Jacksmelt A :::i::!i:~iii:i:.i!~:!iiiiiii!:~i:~ii! :~::::iii::::i::.!iiiiii::!!:~!iii:::::;%ii :::.:.::ii:~ii:iiii::::::!i::::L:~iiiiiiiiiiiii::iiii::!~ i::i~’ii::i~;~:::::i::i:::::~%i::%ii::::::::::ii!:ii:::,iii!!iiii::ii~i

Threespine stickleback A
Gasterosteus J
aculeatus L

saxatilis L :~
Kelp bass A ~/ q q ~/ "~ ~/ ~/

Paralabrax j ~t ~1 ~1 q q ~1 .~
clathratus L ~1 V ~1 V

White seabass A ~ V ~
Atractoscion J V V q q q q

Shiner perch A ~ q ~ ~ q q q
Cymatogaster J q q q q V q q

Pacific sand lan~ A
Ammodytes J
hexapterus L

Arrow goby A ~ ~ ~ ~ ~ ~ ~

Padfic s~g~rn sculpin A ’ q ~ q q q ~ ~

Diamond tur~t A ~ q q ~ ’q ~ q
Hypsopse~a J ~ ~ ~ ~ ~, ~ ~

S~r~ flounder A
Plati~thys J
stellatus L

¯ * S * * S * * S * * S * * S * * S * * S * *
San~ San Pedro Alamitos Anaheim Newport Mission San D~ego ’Tijuana
~0nica Bay Bay ~ Bay Bay Bay Bay Bay ~ Estua~

Legend: A = Adults
T = Tidal fresh zone J = Juveniles ’/= Species / lifestage is present
M = Mixing zone L = Larvae Blank = Species / lifestage is not present
S = Seawater zone P = Parturition
* = Salinity zone is not present
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I Index to Appendix tables 5A-5D: Page location of Biogeography, Habitat Associations, Biological Attributes
and Economic Value, and Reproduction tables for each species.

¯
Common and Scientific Name / Common and Scientific Name
Blue mu~ (My~’lus eduli~ %~.::~:~::~::~:. :~:::.%’; :~?.::~ "~.~: .... Blue mussel (My~lus edulis)

I Horseneck ~per (Tresus ~x) ..... : ........................"~ ...................... Hors~eck gap~ (Tr~us ca~x)

Pacific liNen~k c~am (Protothaca s~minea)

..

Pacific li~en~k clam (Protothaca s~minea)

So,shell (Mya arenaria) %::~.~;~::~..~. ~::~....~/~.~::~::;;~ffshell (Mya arenafia)
G~od~ck (Pa~pea ab~pta) Ge~uck (Pa~pea abrupta)
Bay shrimp (Crangon francis~rum) Bay shrimp (Crangon franciscorum)
Dungeness crab (Cancer~giste~ Dungene~ crab (Cancer~giste~
L~rd shark (Tr, ak,, se~,fa,ciata) 307 313 319 L~pard s~rk (Triakis semifasciata)
Green sturg~n (Acipenser m~irostris) Green sturg~n (Acipenser m~irostris)
White s~rg~n (A~penser transm~tanus) White sturg~n (Acipenser trans~tanus)
Ameri~n s~d (A~sa sapidissi~) A~rican shad (Alosa sapidissi~)
Pacific herring (Clupea pa!las~) Pacific herdng (Clupea pallas,)
Dee~dy anchovy (Anc~a compressa} ’. ’" .". ::’;’;. ’ ’ :~ ....... ~e~ody anchow (Antra compressa)

~ No~ern a.chovy (Engrau. ~rda~ ~ ~ :~ ~ ~ ~o~hern a~cho~ (Engrau. ~rdax)
Cu.hroat,out(On~ynchusclark,, ~ ~0~’~

Cu~hroat
Pink sal~n ( Onco~ynchus gorbusc~) , , .:~;: Pink ~l~n ( Onco~ynchus gorbusc~)
Chum salmon (Oncorhy~hu. keta) ’~ ~:;;.~;::~: :’:.’~ Chum salmon (Oncorhy~hus keta)

Chinook salon (Oncorhy~hus ts~c~) Chinook ~l~n (Oncorhynchus ts~c~)
Surf smelt (Hy~mesus ~etiosus) Surf smelt (Hypomesus ~etiosus)
Longfin smelt ( Spifinchus tha/eichthys)
Eulac~n (~aleich~ys pacificus) 309 315 321 Longfin smelt (Spid~hus t~leichthys)

Eulac~n ( Thaleich~ys pacificus)
Pacific tomcod (Microgadus proximus) Pacific to~od (Microgadus proximus)
Tops~lt (Ath#fi~ps affinis) Topsmelt (Atheri~ps affinis)
Jacksmelt (Athefi~psis califomiensis) Jacksmelt (Athefi~psis califomiensis)
Threes,~stickleback(Gasterosteusaculeatu, Threespinestickleback(Gast~ost.saculeatus)
Striped bass (Morone s~atflis) Striped bass (Morone ~atilis)
Kelp bass (Paralabrax cla~ratus) ..... ’ : ~:r:~ .: :...I :.:!: ¯ .: Kelp bass (Paralabrax cla~ratus)
Barred sand bass (Paralabrax nebulife~ ~::. ~ ~ ~ ~;{~" ~:~:~;~: Barred sand bass (Paralabrax nebu/ife~
White seabass (Atractoscion nobilis) White seabass (Atractoscion nobilis)
Whitecroaker(Genyonemuslineatus)

~ ::: ~ ~ ~:~:~ ~ ~:: ~:" ~::~ ~ ’.~’ ~." ::~ ~ ~ ~:~:~1~::::~;
White croaker (Genyonemus lineatus):;~ :::::::::::::::::::::::: ,’ :~1:: ’ ’:

Sh{~r perch (Cy~togasteraggregata) ~::,:~:~1~:~:~;~: :~T:.:" ~::[" "..:’ ~:~’ Sh{ner perch (Cymatogast~aggregata)
Pacific sand lance (Ammodytes hexaptems) ::~:;~:.~: .~...~.~;,:~ :~. ~::~ .~:::~:.. ~:::~ ..: :{: :~.Pacific sand lance (Ammodytes hexaptems)
Arrow ~by (Clevelandia los) Arrow goby (Clevelandia los)
Lin~od ( Ophiodon elongatu~ Lingcod ( Ophiodon elongatus)
Pacific s~ghorn sculpin (Leptocoffus a~atus) Pacific s~ghom sculpin (L~toco~us a~atu~
California ~li~t (Paralichthys californicus) 311 317 323 California ~libut (Parali~thys californicus)
Diamond tur~t (Hypsopsetta guttulata) Diamond tur~t (Hypsopsetta guttulata)
English sole ( Pleuronectes vetulus) English sole ( Pleuronectes vetulus)
S~r~ flounder ( Platichthys stellatus) S~r~ f{ounder ( P/atichthys ste//atus)
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BIOGEOGRAPHY
Marine Estuarine

R/~e~/~e/
~

/ / / Sa~ EstuaryType] StratifioA - Adults SAB cation
S - Spawning adults
J - Juveniles
L- Larvae
E - Eggs

Bluemussel IA ¯ ¯ I ¯ el ~le gig ¯ ¯
O!OlO!O

A
Mytilusedulis IS ¯ ¯ ~ ~i O i~ O[O ¯ ¯ O’~’ O ¯ S

!J ¯ ¯ ¯ ¯i e!O ele ¯ ¯ o!o ¯ ¯ J

!’H~rs~neckgaper A O Io ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Tresuscapax S O!O ¯ I i ¯ ¯ ~ i~O ~ ¯ ¯ S

j ~1~ ¯ ¯ ~ i ¯ ¯ ~ ¯ ¯ t ¯ J
L O~O ! ¯ i ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ L

Tresusnuttallii S ~;~ O ’~

~aliforniajackknife A ¯ ~ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
clam ,S ~ ¯ ¯ ¯ ¯ ¯ ¯ ~ ¯ S

Tagelus J ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ O’ J
cafifomianus L ¯ ¯ ¯ ¯ ¯ ¯ ¯ ~ ¯ L

Manilaclam A ¯ ¯ ~ ~ ~ ¯ ¯ ¯ ¯ ¯ ¯ O~ A

japonica J ¯ ¯ ¯ ~ ~ ¯ ¯ ~ ¯ ¯ O I J
L ¯ ¯ O O~O ~ O O O ¯ ¯ ¯ L
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Appendix 5A continued

BIOGEOGRAPHY

~ Marine Estuarine I Riverine
- Adults

Stratifi-- Spawning adults SAB Venice
Estuary Type cation

M - Mating
- Juveniles
- Larvae
- Eggs
- Parturition

Geoduck A ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Panopea abrupta S ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ S

J ¯ ¯ ¯ ¯ ¯ ¯ O!O ¯ ¯ ¯ J
L O0 O0 O0 O0 O O 0 L
E ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ 0 ¯ O E

Dungenesscrab A ¯ ¯ ¯ ¯ ¯ O;t Oil,¯ ¯ ¯ O!O A
Cancer magister M ¯ ¯ ¯ ¯ ¯ M

J ¯ ¯ ¯ ¯ O ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ J
L ¯ ¯ ¯ O’O    t O ¯ ¯ ¯ ¯ L
E ¯ ¯ ¯ ¯ ¯ ¯ E

Leopard shark A ilii, iii~:,!! !~!iiiiiiii!i "~:~:~:~:~:: ~:~:~:~:~:~ ....

Green sturgeon :A ¯ I I ¯ ¯ ¯ I ¯ ¯ ¯ ¯ ¯ ¯ I ¯ I ¯ I ¯ A
Acipenser S ¯ S
medirostris J ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ O~ go L

American shad A ¯ ¯ ¯ ¯ ¯ ¯ I ¯ I I :O ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Alosa S ¯ ¯ ¯ ¯ ¯ ¯ S
sapidissima J ¯ ¯ ¯ ¯ ¯ ¯ O ¯ ¯ ¯ .O O’O ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ ¯ O ¯ O L¯ . :,
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Appendix 5A continued

BIOGEOGRAPHY
Life stage/activity
A - Adults Marine Estuadne Riverine

/ / / Salinity Ranae I ~ Stratif’S - Spawning adults    ///
SAB~ Estuary Type I catio~- ///

J-Juveniles

E - Eggs

I Deepbody ’"compressa

~ anchow ~ ~ ¯ ¯ ¯ S
I Ancho~

I ~!- ¯ ¯ e

I No~hern A ~’. :_ ." ~ ~ __ A

I Engraulis J ¯ " ¯ ¯ ~O ¯ ¯ ¯ ¯ ¯ ¯ d
mo~d~x L ......... ~_~_~1 I~le ~1~1~1~1~1~1~1 ! / L. .- ......,,,.,,,.,,E

IOnc°rhynchus slPinksalm°n    A

~~~O ¯ ¯ ~~~~~0 ¯ ¯ ¯ ¯ O ....
~~~ ~O’ ......

O’ l"O ¯ ¯ l AS

Igo~uscha

E                                             O ¯ ¯ ¯¯     ¯        ¯ A
J Cohosalmon A e ¯ ¯ ~ ¯ ¯ ¯,o.or..nc.us
lkisutch d ¯ 0 ¯ ¯ ~ ¯ 0~0 ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ d

I Oncorhynchus S " 01 I" °:t:""/:+l:~l / I""le:’:[~e s
~ O:O           J

~ ; T ~] I ¯ ¯ ¯ ¯ ¯ ¯ o~
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Appendix 5A continued

BIOGEOGRAPHY
~ Marine Estuarine Riverine
A - Adults ’ Sa~ Stratifi-S-Spawningadults

/ / / SAB I VeniceSystem tEstuaryType cation / / /
M - Mating
J - Juveniles
L - Larvae
E - Eggs
P - Parturition

Threespine A O O O, O O Oi O O ¯~ ¯ ¯ ¯ ¯j ¯ ¯ ¯ ¯

stickleback S O:O ¯ ¯ ¯ ¯ O,¯ ¯ ¯ ¯
Gasterosteus J ¯ ¯ O IO O IO O!O O~ ¯ ~ ¯ ¯ ¯ ¯ ¯ ¯ !J
acu/eatus L ¯ ¯ ¯ O ! O¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

!L~

Kelp bass A ¯ ¯ ¯ ¯ ’¯ ¯ ¯ A
Paralabrax S ¯ ¯ ¯ ~ , S
clathratus J ¯ ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ !O ¯ ¯ L

..................... : ~:::::::::~:1’::: :K:~’ ..: .... ¯

White seabass A ¯ ¯ ¯ ¯ ¯ ! ¯ A
Atractoscion S ¯ ¯ ¯

I
S

nobfis J ¯ ¯ ¯ ~ ¯ O, ¯ J
L ¯ ¯ ¯ ¯ ¯ ¯ L
E ¯ ¯ O: E

Shiner perch A ¯ ¯ ¯̄  .... e’e e]o ~ o ¯ o~o o                    l,lA
Cymatogaster M ¯ ¯ i ii ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ M
aggregata J ¯ ¯ ~ ~ ~ ~ ~ ~,~ ~ ~ ~ ~ ~ ~’~ ~ J

310

C--0451 38
C-045138



1 Appendix 5A continued

II
BIOGEOGRAPHY

Life stage/activity Marine Estuarine Riverine

II
A-Adults

///
Salinity Range

S - Spawning adults
SAB I Venice System

Estuary Type Stratifi-
cation /

J - Juveniles
L - LarvaeI - EggsE

!
Arrow goby A

elongatus ~- O ~ ~ J ) I ~~¯ ¯ ¯ ¯ ¯ ¯ O J ~0 ¯ ¯ ¯ ¯ J

~ IL ’O ] I ~1 ¯ ¯ O ¯ ¯ ¯ ¯ ¯ L
~E ~O ~ ~~ ~,       ¯ ¯ ¯~ O~ ¯ ¯ E,,,.. , .

Pacific staghorn A ¯ .:. : :., . ~O. ¯ ’ ~ ¯ ¯ ¯ ~O~~e::~~:~O:~:/:,:~ ~::e:.,:~:,~:O A

~ sculpin ;S :~,.: ,’..:,~..: ::o:~:::~e~e:~~ ~:~ ~:e:~ ~ ~::~=.~:~:~:. s

I California halibut ’A ¯ O: ¯ ¯ ¯ ¯ ¯ ¯ A
Paralichthys ’S ¯ S
califomicos J ¯ ¯ ~ ~ ~ ~ ¯ ¯ ¯ O l J

E ¯ ~1 ~ E
Diamond turbot A :. :~’ ~ A

Hypsopse~a S O= : ~ S

I English sole A I ¯ ~ ¯ ~ A
Pleuronectes S ¯ S
vetulus J ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

~ L ¯ ¯ ¯ ¯ O O ¯ ¯ ¯ ¯ ¯ ¯ Ln E ¯ ~ ~ ~ ¯ ¯ ¯ E
Starry flounder A ~: ¯ ’ ’ "’ ~:: O I::~~: ~:~ ~:.:~~ ~ ~:~ I: ::: :~ .~" ~:~ A

stellatus J ~..O; O: ~:O ~::~:.::~:: J
L .~ ..,O O ~ . ............... L

r,:E

I
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HABITAT ASSOCIATIONS

Habitats Substrate Domain
Benthi< Estuadne

Life staoe/activitv
A - Adults
S - Spawning adults
J - Juveniles
L- Larvae
E- Eggs

Blue mussel rA ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ O I ¯ ¯ ¯ ¯ A
Mytilusedulis S ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯~ ¯ ¯ ¯ O’S

J ¯ ¯ ¯ ¯ IO O ¯ ¯ O!O O 0 ¯ O J
L ¯ ¯ ¯ ¯ ¯ i Io ¯ ¯ O ¯ L
E ¯ ¯ ¯ O!E

Pacific oyster

Tresuscapax ~ ¯ ¯ ¯ ~ ¯ ¯ ¯ ¯ O IO ¯ O~S
¯ ¯ ¯ ¯ ¯ ¯ O~O ¯ ¯ ¯ ¯ J

¯ ¯ ¯ ¯ ei ¯ ¯ ojo E

clam ¯ ¯ ¯ ¯ ¯

~/ifomianusTage/us I I
¯ O

¯
0 O

¯

O~, ¯ , S

Manilaclam A ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A

japonica J ¯ ¯ ~ ~ ~ ~ ~ ~ ~ ~ J
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Appendix 5B continued

HABITAT ASSOCIATIONS
Habitats / Substrate preference Domain

Life staee/activity
A - Adults
S - Spawning adults
M - Mating
J - Juveniles
L- Larvae
E- Eggs
P- Parturition

Panopea abrupta S ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ S
J ¯ ¯ ¯ 0 0 ¯ 0 ¯ ¯
L ¯ ¯ ¯ ¯ ¯

Dungenesscrab A O,O ¯ O~O ¯ g ¯ g ¯ g ¯ ¯ ¯ ¯
Cancer magister M ¯ ¯ ¯ ¯ ¯ ¯ M

J ¯ OO OO O O ¯ ¯ O DO OO OOJ
L ¯ ¯ ¯ ¯ ¯ ¯ ¯ O L
E ¯ ¯ E

Green sturgeon A ¯ ¯ ¯ ¯ ~1~ ~ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ~1~ ¯ A
Aci~nser S ¯ ~ ~ ~ S

L ¯ ’~ ¯ ¯ ~ L

Ameri~nshad A ¯ ¯ ¯ ¯ ¯ ¯ ¯¯
¯ ¯

¯ A
AIo~ S ¯ ~ ~ S
sapidissi~ J ¯ ¯ O ¯ ¯ , ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

L O~O ¯ ¯ ¯ L
E gig log ¯ ¯

~
~
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Appendix 5B continued

HABITAT ASSOCIATIONS
Habitats Substrate Domain

Benthic Estuadne

.Life staae/activitv
A - Adults
S - Spawning adults
J - Juveniles
L- Larvae
E - Eggs

Deepbody
anchovy
Anchoa
compressa

Northern
anchovy

Engraulis
mordax

OncorhyHchus
go~uscha

Oncorhynchus
kisutch

Oncorhynchus
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I Appendix 5B continued

HABITAT ASSOCIATIONS
Substrate Domain

Benthic

Life sta<~elactivitv
A - Adults
S - Spawning adults
J - Juveniles
L - Larvae
E - Eggs

Sockeye salmon A ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ O IO ¯ A
Oncorhynchus S ¯ ¯ ¯ ¯ S
nerka J ¯ ¯ ¯ ¯ ¯ ’ ¯1 ¯ ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ ¯ ¯ L
Ego ¯ ¯ E

Surf smelt A ¯ O,O;O ¯ O, O!O ¯¯ ¯ ¯lA
~SHypomesus S O, =O, ¯ ¯ ¯
!Jpretiosus

JL ¯¯ ¯ OiO, o~¯ ¯ ¯ ¯ Oi¯
O!O ¯ ¯ ¯ O!L

Thaleichthys S ¯ ¯ ¯ , S
pacificus J ¯ ; ¯ ¯ I ¯ J

Atherinops S ¯ ¯ ¯ ¯ ¯
O! ¯

¯ S

L ¯ ¯ ¯ O’ O O ¯ ¯ L
1= ¯ ¯ ¯ ¯ ¯ ¯ O~E
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Appendix 5B continued

HABITAT ASSOCIATIONS
Habitats Substrate Domain

Benthic

A - Adults
S - Spawning adults
M - Mating
J - Juveniles
L - Larvae
E - Eggs
P- Parturition

Threespine A ¯ O’O ¯ r ¯ I I ¯ ¯ ¯ ¯ ¯ ¯ A

Gasterosteus J ¯ 0!0 ¯ ¯ ¯ ¯ 0 ~ ¯ ¯J
aculeatus L ¯ ¯ ¯ ¯ ¯ O,¯ L

E ¯ O O ¯ Oi ¯ OIO ¯ ¯ E

Paralabrax , S ¯ ¯ ¯ ¯ ¯ S
clathratus J ¯ ~ ~ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

E ¯ ¯ O0 ’ ¯ E
Barred sand bass ’ ¯ ~ ! O: !ii: 0::.] A

nebulifer "* i O] d

[White seabass A O, ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Atractoscion ~ S ¯ S
no~lis J ~O ~ O’ O~O ¯ O~O O~O ¯ ¯ ¯ ¯ J

L ¯ ¯ OI ¯ ¯ J ¯ ¯ ¯ @

Shiner~rch ,A~ .... ~00 ’e’ ¯ O"iO ¯I ¯ ¯ ¯ ¯ ¯ A
C~matogaster M ~O ¯ ¯ O~O O] ’ ¯ ¯ ¯ ¯ M
aggregata J I0 ¯ ¯ ¯ ¯ ¯I ¯ ¯ ¯ ¯ ¯ J

O ¯ ¯ P
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I Appendix 5B contif~ued

HABITAT ASSOCIATIONS
Habitats Substrate : Domain

Benthic Estuadne

Life sta.e/activitv
A - Adults
S - Spawning adults
J - Juveniles
L- Larvae
E- Eggs

Lingcod A
Ophiodon IS I ¯ ¯ ¯ ¯ O0 ¯ S

¯ ¯ ¯ L

arT~atus

Califomia halibut A ¯ ¯ i ¯ i O’ ¯ ¯ ¯ ¯ I ¯ ’ ¯ A
Paralichthys S e! ¯ ¯ S
califomicus J ¯ ¯ e le ¯ e i ¯ e ! ¯¯ ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ o!o ¯ ¯ ¯ L

Pleuronectes S ¯ ¯ ¯ ¯ I S
vetulus J O iO ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ o,o ele J

L ¯ ¯ ¯ ¯ ¯ ¯ oioo L
E O~o ¯ ¯ ¯ E
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h
BIOLOGICAL ATTRIBUTES EconomicLife stage/activit_v i , ¯

A - Adults Feeding type I Spatial strategy I Longevity Value
S - Spawning adults
J - Juveniles
L - Larvae
E- Eggs

Blue mussel A ¯ ~ ¯ ¯ ¯ ¯ ¯ A
Mytilus edulis S ¯ ¯ S

E ¯ ¯ ¯ E

Horseneckgaper A ¯ ¯ ¯ ¯ ¯ ¯ A
Tresus capax S ¯ S

L ¯ ¯ ¯ L
E ¯ ¯ E

California jackknife A ,¯ ¯ ¯ ¯ ¯ ¯ ¯ A
clam S ¯ S

Tagelus J ¯ ¯ ¯ ¯ J
califomianus L ¯ ¯ ¯ !¯ ¯ L

E ¯ ¯ E

Manilaclam A I ¯ ’~ ¯ ¯ ¯ ¯ A
Venerupis S ¯ S
japonica J ¯ ¯ ¯ ¯ J

L ¯ ~     ~ L
E ¯ ¯ E

Mya arenaria S ~::~:~:~:~: ::"::~::: ~::~::::
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Appendix 5C continued

Life BIOLOGICAL ATTRIBUTES Economicstaae/activitv
A- Adults I I ValueFeeding type I Spatial strategy I Longevity

M-S - Spawning adults Mating ////J - Juveniles
L-Larvae

i~!~ ~//~

E - Eggs
P- Parturition

Pan¯pea abruptal S ¯ ¯ S
j ¯ ¯ ¯ J
L 00 ¯ It L
E EOO0

E
~ L

:i0~ ~i;¯i!~ ::ii~:% ::::i~:ili::ilil !::O j:: :~:~i~:i::i~:i!!:. ::::::::/::::::::::: ;~:::i::i::ii:~:~ :~iiiiiii~:i::::ii::%:: :::::::::::if::::::::::::::2::: E
Dungeness crab A ~" ¯ ¯ ON ¯ ¯ A
Cancer magister M ¯ M

J ¯ ¯ ¯ ¯ J
go ¯ LL O ¯

E                  O I    O         ~ ~ J~l~ ~ E

I Green sturgeon A ¯ ¯ ¯ ¯ O J ¯ ¯ ¯ A
Acipenser S ¯ S
medirostris J O i ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

L Oi ¯~ L
E ¯ O~ E

American shad A~ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Alosa S ¯ S
sapidissima J ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ L
E ¯ ¯ E

Pacific herring A ~ ,i::~ ~,i:i:;:i.!~ .............

........

!1
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Appendix 5C continued

Life ~taqe/activity "=
BIOLOGICAL ATTRIBUTES Economic

A - Adults Feeding type ~ Spatial strategy ~ Longevity Value

Deepbody I ¯ A
ancho~ S
Anchoa J ¯ ¯ ¯ ¯ J
compressa L ~ ¯ ~ ~ L

anchovy S ¯ ~ S
Engraulis J ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

Pink salmon ¯ ’ ~ ......
Oncorhynchus ~ S

" gorbuscha ¯ ¯ ¯ ¯ ¯ " ¯ ¯ ~ J
L
E

Cohosalmon A O ¯ ¯ ¯ ¯ O’ :0 ¯ A
’ Oncorhynchus S ¯ S
kisutch J ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ L

I E ¯ ¯~ E

I
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Appendix 5C continued

I
Life stage/activity " BIOLOGICAL ATTRIBUTES Economic
A - Adults Feeding type I Spatial strategy I Longevity Value
S - Spawning adults
J - Juveniles
L - Larvae
E - Eggs

Sockeye salmon A ¯1 ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Oncorhynchus S ¯ S
nerka J ¯ ¯ ¯ 010 ¯ 0 ¯ ¯ J

L ¯ ¯ L
E ¯ ¯ E

Surf smelt A ¯] ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Hypomesus S ¯ ¯ S
pretiosus J ¯1 ¯ ¯ ¯ ¯ ¯ J

Eulachon A ¯ @ @ @ @ @ ¯ ¯ ¯ A
Thaleichthys S @ S
pacificus J ¯ ¯ ¯ ¯ ¯ J

L ¯ ¯ o ¯ ¯ ¯ L
E ¯ ¯ ¯ E

proximus

Topsmelt A ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ A
Atherinops S ~ ~ S
affinis J ¯ ¯ ¯ ¯ ¯ ¯ J

E ¯ ~ ¯ ¯ E
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~ Appendix 5C continued

Life stage/activity BIOLOGICAL, ATTRIBUTES, Economic
A- Adults Feeding type I Spatial strategy I

Longevity Value
S - Spawning adults
M- Mating
J - Juveniles

i L - Larvae
E - Eggs
P- Parturition

!1 Threespine A ¯ ¯ ® ¯ ¯ I.! A
stickleback S ¯ ¯ S

Gasterosteus J ¯ ¯i ¯ ¯ ¯ ¯ J
aculeatus L ¯ ¯1 ¯ ¯ ¯ L

E CO co E

Kelp bass A ¯ ¯ ¯ ¯ ¯ A
Paralabrax S ¯ S
clathratus J ¯ ¯ ¯ ¯ J

L¯ ¯ ¯ ¯ L
E CO¯ E

s

Whiteseabass A ¯ ¯i¯ ¯: ¯ ¯ ¯ A
Atractoscion S ¯ S
nobilis J ¯ ¯ ¯i ¯ J

E ¯ ¯ E
White croaker A

Genyonemus S S
lineatus J J

Shiner perch A ¯ ¯ ¯ ¯ ¯ A

N Cymatogaster M ¯ M
aggregata J ¯ ¯ ¯ ¯

P ¯ ¯ Pi

~ Pacific sand lance A O ::O :¯ : ,11:~i:i! ii~ :,:O"Q’I. A
Ammodytes S :,"~ ’:~~ ~ :" ...: ~ ~ ....: ~::=..:~ ....¯ I...::’.:..,.:, .~,~1:":O~.: 0" ~"~:. I :~;~:.=~,~:~ ’""" I :~.:.~..~, S
hexapterus J J

I
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I Appendix 5C continued

Life staqe/activity BIOLOGICAL ATTRIBUTES Economic
A-Adults Feeding type I Spatial strategy I Longevity Value
S - Spawning adults

,/~/~//~ /

J - Juveniles
L - Larvae

Ophiodon S S
elongatus J ¯ ¯ ¯ ¯ ¯ J

L

Pacific staghorn A

A
Paralichthys S S
califomicus J ¯ ¯ ¯ ¯ J

L L
E - E

Pleumnectes S S
vetulus J ~ J

L ¯ L
E ¯ E

Starry flounder A

I
I

i
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~ "~                                            REPRODUCTION

Fertilization/ Spawning Spawning
behavior Temporal Schedule Periodicity

II Egg Development type

Pacific oyster
Crassostrea ~li~tas

Horseneck gaper

Pacific gaper
Tresus nuttallii

California jackknife clam

Prototha~ staminea
Manila clam
Vene~pis japoni~
~hell

Mya arenaria

.... ,~rangon franciscorum
Dungeness crab
Cancer magister

Leo~rd shark
Triakis semifasciata

Green sturgeon

White sturgeon
,.~cipenser transmontanus
Ameri~n shad

Alosa sapidissima
Pacific herring
Clupea pallasi

Deepbody anchovy

Slough ancho~
Anchoa deli~tissima

Northern anchovy
Engraulis mordax

Cu~roat trout
On~rhynchus clarki

Pink salmon
On~rhynchus go~uscha

Chum salmon
OncorhTnchus keta

Coho ~lmon
..... ~n~rhynchus kisutch
Steelhead
..~n~rhynchus mykiss
Sockeye salmon

On~rhxnchus ne~a
Chinook salmon

Oncorhynchus tsha~tscha
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ERRATA: The following table replaces Appendix Table 5D, page 325.

I
I                                                                                        REPRODUCTION

Fertilization/ Spawning Spawning
behavior Temporal Schedule Periodicity

i
Egg Development    type

Spifinchus thaleichthys                   II II                                                                  "
Eulachon

.... i ITepsmeltMicr°gaduspro~mus

Threespine stickleback
Gastero~teus aculea tusn o o ~o o o o o oMorone saxa

White croaker ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ IGenyonemus lineatus

~, Pacific sand lance

~ Ammo@teshexapte~s ¯ ¯ ¯ ¯ ¯ ¯ I O:

~Lingcod
Ophiodon elonga[us

Parafichthys ~lifomicus    ¯    ¯          ¯       ¯          ¯ O[O ¯          ¯ ¯          ¯

Platichthys ste#atus

i
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BIOGEOGRAPHY
Marine- Distribution of life stages in seawater areas.

¯ Beach- Exposed shore areas receiving ocean waves and wash.
.Continental shelf- Waters over the gradually-sloping continental seabed from shore to a depth of

about 200 m.
¯Continental slope- Waters over the steeply-sloping seabed from continental shelf to 1000 m.
¯Oceanic-[he open ocean waters beyond the continental shelf. Defined here as the ocean beyond

the continental slope.

Estuarine- Distribution of life stages in estuarine areas.
Salinity Range: SAB ~Strategic Assessment Branch classification)
¯ Tidal fresh- Salinities of 0.0-0.5%0.
,Mixing- Salinities of 0.5-25.0%o.
¯Seawater- Salinities >25%0.

Salinity Range: Venice classification
¯ Limnetic- Salinities of 0.0-0.5%o.
¯Oligohaline-Salinities of 0.5-5.0%o.
M̄esohaline- Salinities of 5-18%o.

¯Polyhafine-Salinities of 18-30%o.
¯Euhaline- Salinities >30%0.

Estuary type
¯ Drowned river- Estuaries resulting from valleys being inundated by rising sea levels (e.g., Grays

Harbor and Columbia River estuary).
¯ Bar-built- Estuaries resulting from the building of barrier islands or spits (e.g., Netarts Bay and

Humboldt Bay).
¯ Fjord- Glacier-formed estuaries with deeply-carved, steep-sided channels (e.g., Puget Sound and

Hood Canal).
¯ Tectonic- Estuaries formed by faulting or sinking of the earth’s crust (e.g., Tomales Bay and South San

Francisco Bay).

Stratificatioq.
¯ Highly-Very little mixing between surface and bottom layers, resulting in marked differences between

surface and bottom salinities.
¯ Moderately- Moderate mixing between surface and bottom layers primarily due to tidal-induced

turbulence. Surface salinities are usually lower than bottom salinities.
¯ Homogeneous- High mixing of surface and bottom layers resulting in equivalent salinities.

Riverine- Distribution of life stages in freshwater areas.
¯ Coastalplain- River portions in the relatively flat land along a coast.
¯ Piedmont- River portions at the base of mountains.
¯Upland- River portions in mountainous areas. ’

HABITAT ASSOCIATIONS

Habitats- General habitat of life stages.
L̄ake- Freshwater non-flowing areas with riverine connections to the sea.
R̄iver/stream- Areas with flowing fresh water.
Ēstuarine- Embayment with tidal fresh, mixing, and seawater zone,s.
B̄ay- Semi-enclosed water body that has predominantly seawater salinities.

¯ Coastal (high energy)- Nearshore areas subject to significant wave or current action.
¯ Coastal (low energy)- Nearshore areas subject to only minor wave or current action.
,Offshore- Offshore areas beyond the coastal high or low energy areas.
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Appendix 6 continued

I Substrate preference- Size of substrate that life’ stages reside on or in.
¯ Mud/clay/silt- Fine substrates <0.0625 mm in diameter.
S̄and/granule-Substrates 0.0625-4.0 mm in diameter.

I ,Pebble- Substrates 4-64 mm in diameter.
¯ Cobble-Substrates 64-256 mm in diameter.
B̄oulder- Large substrate >256 mm in diameter.

I ,Rocky outcrop (bedrock)- Exposed solid rock.
¯ Estuarine vegetation- Aquatic plants within an estuary.
M̄arine vegetation- Aquatic plants in marine waters.

i ,None- No reported preference.

D°main’Benthic-LittoraISpecific habitat where life stages occur.

Īntertidal(O-3 rn)- On the bottom from the high tide mark to depths of 3 m.
S̄ubtidal (3-10 m)- On the bottom at depths of 3-10 m.

Benthic-Sublittoral
¯ Inner shelf (10-50 m)- On the bottom of the continental shelf at depths of 10-50 m.
M̄iddle shelf (5.0-100 m)- On the bottom of the continental shelf at depths of 50-1 O0 m.
Ōuter shelf (100-200 rn)- On the bottom to the edge of the continental shelf at depths of 100-200 m.

1 Benthic-Bathy~l!
M̄esobenthal (200-500 rn)- On the bottom of the continental slope at depths of 200-500 m.

,Bathyobenthal (>500 m)- On the bottom of and beyond the continental slope at depths >500 m.

oNeritic- Residing within the water column from the shore to the edge of the continental shelf.
¯ Oceanic- Residing within the water column beyond the edge of the continental shelf.

Estu~rin~
¯ Mainstern channel- The deep, drowned river channel of an estuary
S̄ubsidiary channel- Small tributary channels emptying into the mainstem channel of an estuary.

¯Channel edge- Rim of an estuarine channel where the bottom slopes upward and meets shallow flats.
Īntertidal flat- Shallow, often almost level estuadne areas alternately covered and left bare by tidal waters.

BIOLOGICAL ATTRIBUTES AND ECONOMIC VALUE

Feeding type- Trophic role of life stages.
¯Carnivore- A flesh-eating organism.
H̄erbivore- A plant-eating organism.

¯ Ornnivore-An organism that eats both plants and animals.
¯ Planktivore- A plankton-eating organism.
D̄etritivore- A detritus-eating organism.

Spatial strategy- Use of habitats by life stages.
¯Coastal migrant- An organism which migrates within nearshore waters of the continental shelf.
ōcean migrant- An organism which migrates in ocean waters beyond the continental shelf.
F̄reshwater resident- An organism which resides primarily in freshwater habitats.

¯ Estuarine resident- An organism which resides primarily in estuarine habitats (satinities >_0.5 and <_25%°).
¯ Marine resident- An organism which resides primarily in seawater habitats (salinities >25%0).

Longevity- Average lifespan of a particular life stage ( 1 day to >20 years).

Economic Value- Monetary worth (direct and indirect) from harvesting a species.
.Recreational- Harvested by sport anglers.
¯Commercial- Harvested by professional fishermen for sale in markets.
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REPRODUCTION
Fertilization/Egg Development- Method of egg fertilization and development.

Ēxternal- Egg fertilization occurs after eggs and sperm are shed into the water.
/̄ntema/- Egg fertilization occurs when a male inseminates an egg within a female.
Ōviparous-Eggs are laid and fertilized externally.

¯Ovoviviparous- Eggs are fertilized and incubated internally, and usually released as larvae. Little or
no maternal nourishment is provided.

¯Viviparous- Eggs are fertilized, incubated, and develop internally until birth. Maternal nourishment is
provided.

Mating Type- Mate selection strategy.
¯ Monogamous- A single male and a single female pair for a prolonged and exclusive relationship.
¯ Polygamous- A male mates with numerous females or vice-versa.
B̄roadcast spawner- Numerous males and females release gametes during mass spawning.

Spawning- Spawning mode.
¯Anadromous- Species spends most of its life at sea but migrates to fresh water to spawn.
¯Iteroparous-Species reproduces repeatedly during a lifetime.
S̄eme/parous- Species reproduces only once during a lifetime.
B̄atch spawn- Species spawns (releases gametes) several times during a reproductive period.

Type egg protection.Parental Care- of
P̄rotected- Eggs are protected by parent(s); eggs are buoyant or attached to substrates, but not buried.
N̄ests- Eggs develop in the shelter of a nest.

Temporal Schedule- Period when spawning typically occurs.
¯ Early spring- From mid-March through April.
L̄ate spring- From May to mid-June.

.Early summer- From mid-June through July.
,Late summer- From August to mid-September.
¯Early fall- From mid-September through October.
L̄ate fall- From November to mid-December.

¯Early winter- From mid-December through January.
L̄ate winter- From February to mid-March.

Periodicity- Frequency of spawning events.
Ānnual spawning- Spawning once each year, usually during a restricted season.

¯ 2 or more per year- Spawning more than once each year (more than one spawning season),
¯ 2 or more years- Spawning events separated by at least two years.
Ūndescribed- Spawning frequency not documented.

Domain- Location of spawning.
Ōceans- Spawning occurs primarily in open marine waters.

¯ Estuaries- Spawning occurs primarily in estuarine waters (to head of tide).
¯ Rivers- Spawning occurs primarily in fresh water, above h.ead of tide.

!
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